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PREFACE 


This report was a joint project of the United States Department of Agriculture (USDA) 
and the State Land-Grant Universities and was supported via a grant (No. 92-EPIX-1-0097) from 
the USDA National Agricultural Pesticide Impact Assessment Program (NAPIAP). It was 
prepared by a team of State Cooperative Extension Service and Experiment Station scientists 
who provided sound, current scientific information on pest management practices on collards, 
kale, mustard greens, turnip greens, lettuce and spinach. The chairpersons, Drs. John K. 
Springer and George C. Hamilton, were instrumental in planning, coordinating and 
implementing this study in cooperation with USDA agencies (Agricultural Research Service, 
Extension Service, Economic Research Service). 


The intent of the assessment was to determine the effect on leafy green vegetable 
production of the withdrawal of individual and groups of fungicides. For purposes of analysis 
and explanation, data were collected on the economically important diseases, pesticide usage, 
and nonpesticide pest management practices. 


Special appreciation is expressed to Mrs. Laye Nagahiro and Mrs. Irene Kaneshiki for 
their assistance in preparation of this manuscript. 
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EXECUTIVE SUMMARY 


Leafy green vegetables, including collards, kale, lettuce, mustard greens, spinach, and turnip 
greens, are important components of American diets. All six crops are produced for fresh 
market, while all except lettuce are also produced for processing. The annual value of 
production is about $1.2 billion, 86% of which is from lettuce production. Lettuce is produced 
on approximately 270,000 acres--more than the combined acreage of the other five crops. 
Spinach is the second largest crop, being produced on 40,000 acres. Collards, kale, mustard 
greens and turnip greens are produced on a total of 57,000 acres. 


Plant diseases are capable of causing extensive loss of yield and quality of leafy green 
vegetables. Since most leafy green vegetables must be virtually blemish-free to be salable in 
fresh market trade, quality losses can make a portion of the crop unmarketable and result in 
heavy financial losses to producers. Preplant, foliar, and seed treatments of fungicides and a 
variety of nonchemical practices are used to prevent yield and quality losses from plant diseases. 
Approximately 1.5 million pounds active ingredient of fungicides are used in producing the six 
leafy green vegetables, ranging from 24,000 pounds on kale to 1.25 million pounds on lettuce. 
The loss of fungicides through EPA regulatory action, voluntary cancellation, or ineffectiveness 
due to resistance could cause significant economic losses. 


Major Diseases 


Important diseases of leafy green vegetables include Alternaria leaf spot, anthracnose, bacterial 
spot, black leg, black rot, blue mold, bottom rot, Cercospora leaf spot, Cercosporella leaf spot, 
Cladosporium leaf spot, damping-off, downy mildew, drop, Fusarium wilt, gray mold, seedling 
diseases, Septoria leaf spot, white mold, and white rust. Disease incidence varies greatly. In 
general, leaf spotting diseases were particularly troublesome in the southeastern states, while 
downy mildew and seedling diseases were troublesome in all states. 


Use of Chemical and Nonchemical Practices 


Foliar fungicides are used heavily on lettuce (93% of planted acreage), but they are used less 
on the other leafy greens: 55% of collards acreage, 65% of kale, 49% of mustard greens, 68% 
of turnip greens, and 61% of spinach (Table ES1). Foliar materials include benomy]l, 
chlorothalonil, copper, fosetyl-Al, iprodione, maneb, metalaxyl, sulfur, and vinclozolin. 


Preplant or at-planting treatments with metalaxyl are used on 1% of turnip greens acreage, 
19% of lettuce acreage, and 76% of spinach acreage to control soil-borne diseases. 


Seed-treatment fungicides, primarily captan and thiram, are used extensively on collards (98% 


of planted acres), kale (99%), mustard greens (89%), turnip greens (91%), and spinach (100%). 
Seed treatments are used extensively in lettuce production, except in the two largest producing 


Vi 


States of Arizona and California. As a result, seed treatments are used on only 7% of lettuce 
acreage. 


The major nonchemical disease control practice is rotation, used on 94% of collards, 96% of 
kale, 87% of mustard greens, 91% of turnip greens, 98% of lettuce, and 91% of spinach 
acreage. Other practices include early harvest, trimming and sorting, raising the height of the 
cutter bar to leave the most heavily infected parts of plants in the field, irrigation practices, 
resistant varieties, and deep plowing. 


Yield and Economic Impact 


The loss of some fungicides would cause major impacts and the loss of others would be slight, 
depending upon the commodity and local conditions affecting disease development. States that 
experience heavy disease pressure, particularly from leaf spotting diseases, would experience 
much higher yield losses than those states experiencing lower disease pressure. 


In general, the yield and economic losses from banning all foliar or all seed-treatment 
fungicides would be much larger than those from banning individual materials. The reason is 
that the individual chemicals have reasonably effective alternatives in many cases, but the 
alternatives to the entire groups, if any, are much less effective. Banning all foliar fungicides 
would cause the largest economic losses on collards, kale, turnip greens, lettuce, and spinach, 
while banning all seed treatments would cause the largest impact on mustard greens. 


Foliar and Preplant Treatments 


Several foliar materials and the preplant material, metalaxyl, have substantial benefits, because 
they fill unique niches for which alternatives are much less effective or not available. Large 
yield losses on current planted acres would occur with the loss of coppers on collards (13%), 
maneb on kale (10%), coppers on mustard greens (14%), benomyl and coppers on turnip greens 
(each 16%), coppers on spinach (10%), and maneb (6%) and iprodione (3%) on lettuce (Table 
ES1). Economic losses would range from 2 to 10% of crop value. The impact of banning the 
use of metalaxyl on spinach would be a yield loss of 20% and an economic loss of 19% of crop 
value. The loss would be greater than that of banning seed treatments on spinach and slightly 
less than that of banning foliar treatments. 


The use of maneb for collards, kale, mustard greens, turnip greens, lettuce, and spinach was 
deleted from the labels of major registrants in 1989, but growers were allowed to use stocks in 
their possession. EPA revoked use for collards, mustard greens, turnip greens, and spinach in 
1992, but reinstated use on kale and lettuce. Prior to these actions, maneb was used on 70-90% 
of the acreage of the crops for which use was revoked. Estimated yield losses without maneb 
are 21% for collards, 24% for mustard greens, 26% for turnip greens, and 17% for spinach. 
Economic losses to producers and consumers of these crops would be on the order of 20-25% 
of crop value, generally larger than the impacts of banning other single active ingredients. 


Vii 


The loss of all foliar materials would result in yield losses of 27% for collards, 33% for kale, 
16% for mustard greens, 46% for turnip greens, 26% for lettuce, and 22% for spinach. 
Nonchemical alternatives, such as early harvest, raising the cutter bar, or increased trimming, 
would reduce yield. Economic losses would total to 11% of crop value for collards, 16% for 
kale, 5% for mustard greens, 20% for turnip greens, 27% for lettuce, and 24% for spinach. 


Seed Treatments 


The impact of banning an individual seed-treatment fungicide would be small, because these 
materials are good alternatives to each other in many circumstances. The loss of all seed- 
treatment fungicides would result in a yield loss of 10% for collards, 8% for kale, 10% for 
mustard greens and turnip greens, and 5% for spinach. Economic losses would sum to about 
10% of crop value for all crops except lettuce, ranging from 8% for kale and spinach to 11% 
for turnip greens. Seed-treatment fungicides are not widely used on lettuce, and the yield and 
economic loss of banning them would be less than 1% of crop value (Table ES1). 


Regional and Price Impacts 


Bans of leafy green fungicides would generally cause proportionately larger economic losses, 
and discourage production more, in southern and eastern than in western regions. One exception 
is that the greatest impact from losing fosetyl-Al for spinach production would occur in 
California. 


A ban of all foliar fungicides on each crop or of metalaxyl on spinach could cause production 
losses large enough to increase price noticeably, even after growers have adjusted input use in 
response to yield, cost, and short-term price changes. The result would be consumer losses and 
increased revenues for growers not using fungicides affected by the actions. However, growers 
that use affected fungicides would bear a major portion of the impact. In cases where actions 
have little long-term impact on price, the impacts will be concentrated on growers that use the 
fungicide. 


Implications for the Regulatory Process 


Regulatory decisions concerning seed-treatment fungicide use on leafy green vegetables, with 
the exception of lettuce, would be well suited to a "cluster approach," where the risk and 
benefits of all alternatives are considered before taking an action on any one of the alternatives. 
The reason is that seed treatments are very valuable in production, but the individual fungicides 
are good alternatives to each other in many situations. Banning one of the materials would 
substantially increase the benefits of the remaining alternatives. For foliar fungicides, the need 
for a "cluster approach" is less compelling than for seed treatments, because foliar materials 
often have unique niches for which cost-effective alternatives are not available. As a result, 
some foliar materials have substantial benefits that are independent of actions to remove 
alternatives. However, the comparative risks and benefits of a pesticide and its alternative 
practices should be considered before all regulatory decisions are made. 
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INTRODUCTION 


Leafy green vegetables, including collards, kale, lettuce, mustard greens, spinach, and 
turnip greens, are important components of American diets. All six crops are produced for fresh 
market, while all except lettuce are also produced for processing. The annual value of 
production is about $1.2 billion, 86% of which is from lettuce production. Lettuce is produced 
on approximately 270,000 acres--more than the combined acreage of the other five crops. 
Spinach is the second largest crop, being produced on 40,000 acres. Collards, kale, mustard 
greens and turnip greens are produced on a total of 57,000 acres. 


Plant diseases are capable of causing extensive loss of yield and quality of leafy green 
vegetables. Since most of the leafy green vegetables must be blemish-free to be salable in the 
fresh market trade, even low levels of disease can result in heavy losses to the producer. 


Various disease control strategies are employed to reduce loss from plant diseases, including 
fungicides and nonchemical practices. Rotation is the principal nonchemical control practice 
employed; early harvest, trimming and sorting, raising the height of the cutter bar, irrigation 
practices, the use of resistant varieties and deep plowing are used less extensively by the 
producers of these crops. Fungicide usage as seed treatments, soil applications, and foliar sprays 
is extensive on leafy green vegetables. Fungicides are widely used in producing U.S. leafy 
greens (collards, kale, mustard greens, turnip greens, spinach and lettuce) to prevent yield losses 
and loss of quality from diseases. 


The purpose of this study was to determine the effect on leafy green vegetable production 
of the withdrawal of individual and groups of fungicides. For purposes of analysis and 
explanation, we also collected data on the economically important diseases, fungicide usage, and 
nonchemical disease management practices. 
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METHODOLOGY 


In September of 1992, under a grant from the NAPIAP, a team of scientists from State 
Extension Services and Agricultural Experiment Stations was selected to conduct the assessment 
of the disease management techniques used on collards, kale, mustard greens, turnip greens, 
spinach and lettuce. The members of this team were selected based on their expertise with the 
pest management practices and geographic production regions in which these crops are grown. 
The scientific team met regionally in October and November, 1992, to discuss the assessment 
and to develop the survey forms necessary to gather data from those production areas with 
significant crop acreage. The questionnaire requested the following information for each crop: 
(1) number of acres planted annually for the period 1987 to 1992; (2) production levels over 
the same period; (3) the percent of planted acres treated with individual fungicides in 1992; 
(4) application data for 1992 [number of treatments, rate employed, timing]; (5) pests controlled 
by each treatment; (6) estimated change in acres treated if specific fungicides and fungicide 
groups were not available, along with the expected alternatives; and (7) estimated change in 
yield or quality should specific fungicides and fungicide groups become unavailable. Each 
scientist was then asked to complete the necessary forms for their respective crops and regional 
areas. Expert opinion was employed during this pesticide use assessment when empirical data 
on usage and pest loss were not available. 
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RESULTS 


DISEASE CONTROL STRATEGIES AND THE 
IMPACT OF THEIR WITHDRAWAL ON COLLARDS 


by 
John K. Springer 


Collards are grown in the United States on over 21,400 acres with an average yield of over 
12,000 pounds of greens/acre (Table C1). Approximately 259 million pounds of greens are 
produced in a normal year with a value of over $41 million. 


Table C1. Acres planted, yield and value of U.S. production for collards. 


state acres’? | (lb greens) | (1,000 lb) | (100 lb) per state — 
4,737,600 
California 5,110,000 
Florida 5,250,000 
Georgia 3,403,138 








Maryland 2,192,190 
North Carolina 6,578,000 
2,300,760 
720,000 


New Jersey 


New York 


342,000 
Pennsylvania 1,768,000 
fer en 
Tennessee | v0 | 12,000 | 7.200 | 6.00 | 432,000 
Texas 240,000 
Virgin | coo | 15,000 | 9,000 | 26.00 | 2,340,000 
Wetton Gi taia oa ARCS 


1 Washington state produced seed (1,700 Ib/acre) but no greens on 300 acres 
2 Acres that were planted once/year were counted once. Acres planted 2 times/year were counted as 2 acres, etc. 
3 Value ($) of greens to the producer in terms of receipts for the product. 


Oklahoma 


: . 
: . 
Ohio 1,380,000 
| . 
3 | 


The most important diseases of collards for which control measures are directed include 
downy mildew (Peronospora parasitica), black rot (Xanthomonas campestris), Alternaria leaf 
spot (Alternaria brassicicola and A. brassicae) and seedling diseases (Pellicularia filamentosa, 
Pythium spp. and Phytophthora spp.). Seed producers in Washington state also experience 
trouble with white mold (Sclerotinia sclerotiorum). Downy mildew, black rot, Alternaria leaf 
spot and seedling diseases are serious problems in both the more humid and less humid regions 
of the country. 


As with all of the leafy greens, the leaves must be blemish-free to be sold for fresh market 
use. Fields that are too heavily infected are abandoned. The value of the crop for fresh market 
ranges between 20 and 39 cents a pound and the value for the processing crop ranges between 
4 and 6 cents a pound. Thus, even a low level of disease can result in extensive loss to the 
producer. Georgia, Oklahoma, Tennessee, and Texas produce collards principally for the 
processing market. The other states produce the crop principally, or exclusively, for the fresh 
market. 


The fungicides used on collards in U.S. production are listed in Table C2 with the acres 
treated, use pattern, and pounds of ai used. Copper-containing fungicides were the most 
commonly used foliar fungicide with almost 10,000 acres treated and over 35,000 pounds of ai 
used. An additional 575 acres are treated with a combination of copper plus sulfur with 500 
pounds of ai copper applied. Copper is used for downy mildew control and for leaf spot 
control. It is relatively weak on leaf spot control under heavy disease pressure. Fosetyl-Al was 
the second most commonly used foliar fungicide, and it was used on almost 1,180 acres with 
over 2,400 pounds of ai applied. It is used for downy mildew control and has a very narrow 
spectrum of activity. Since fosetyl-Al has just recently received label clearance for use on 
collards, the use of this material may increase if it proves economically viable. Sulfur was the 
third most commonly used foliar fungicide with 296 acres treated and nearly 2,000 pounds of 
ai applied when used alone. An additional 575 acres are treated with a combination of copper 


Table C2. Fungicide use in U.S. collards production. 


copper + sulfur 


fosetyl-Al 





1 F = foliar, ST = seed treatment 


plus sulfur with 3,131 pounds of ai sulfur applied. Sulfur is combined with copper to provide 
improved leaf spot control and to permit the use of lower rates of copper to reduce 
phytotoxicity. It is also used alone on limited acreage for powdery mildew and Alternaria leaf 
spot control. Captan and thiram were used on extensive acreage as a seed treatment, but the 
total pounds of ai used was only 34 and 11 pounds, respectively. Captan and thiram seed 
treatments are used to control seedling diseases. Benomyl was used in only one state as a seed 
treatment on 230 acres with 0.1 pound of ai used, principally for seedling disease control. 


Growers can reduce loss from disease by utilizing several nonpesticide practices. They may 
harvest prematurely when the crop is relatively disease-free with a reduction in yield of 5 to 
10%. The reduced yield may be balanced by eliminating one fungicide spray. Growers can sort 
out the disease-infected leaves and discard this portion of the crop with a reduction in yield from 
5 to 25%. In fact, North Carolina uses this method exclusively. Instead of using foliar 
fungicides, they overplant and discard infected leaves. Because their market is entirely fresh, 
they can afford the hand labor required to sort the leaves. Growers may also raise the cutter-bar 
height to leave the more heavily infected lower portion of the leaves in the field with a reduction 
in yield of 10 to 25%, depending on how high the cutter bar is set. All three of these 
nonchemical means of reducing disease losses may be suitable for the fresh market crop, but 
sorting is not an economically feasible practice for the processing crop because of the low value 
of the crop for this market. 


Rotation, as practiced on almost 94% of the acreage, is utilized to assist in the control of 
seedling diseases, Alternaria leaf spot and black rot, and is the major nonpesticide control 
practice used on collards (Appendix, Table 4). Rotation reduces disease pressure by reducing 
inoculum levels, which permits other control strategies to be more effective. The normal 
rotational scheme is one year without planting collards or a related crop before replanting this 
crop. The seed producers plant collards or a related crop once every three years, with two years 
in noncrucifer crops. 


The impact of withdrawing individual pesticides from use is highly variable (Table C3). The 
greatest impact would result from the loss of copper with a loss of over 33 million pounds of 
greens when used alone. An additional loss of almost 2 million pounds of greens would occur 


Table C3. Impact of loss of individual fungicides on U.S. collards production. 














_ % Yield impact on planted _| Yield impact 


acres when alternatives are used | _|b leaf 
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- 634,838 


17.08 - 2,846,250 


with the loss of the copper plus sulfur combination. Fosetyl-Al would replace copper for downy mildew 
control in many states. However, it has performed erratically in some other states and would not be 
used in these states. The increased production cost associated with the use of fosetyl-Al will 
restrict its use in some states. The second most critical fungicide is thiram seed treatment, with 
a loss of over 2.8 million pounds of greens if this fungicide use pattern were withdrawn. Captan 
would replace thiram. The third most critical fungicide is fosetyl-Al, with a loss of over 2.4 
million pounds of greens with the loss of this fungicide. The only suitable alternative fungicide 
to fosetyl-Al is copper, which can be quite phytotoxic. The fourth most critical fungicide loss 
would be sulfur, with a loss of almost 0.6 million pounds of greens when used alone. An 
additional loss of almost 2 million pounds of greens would occur with the loss of the sulfur plus 
copper combination. The principal use of sulfur is in a combination product containing copper 
and sulfur. The combination of copper and sulfur results in better leaf spot control than either 
compound individually. Copper alone or fosetyl-Al would substitute for sulfur if this use pattern 
were lost. There would be no significant economic loss with the loss of either benomyl or 
captan seed treatments, as long as thiram retained its label for seed-treatment purposes on 
collards. The use of benomyl as a seed treatment is principally for black leg control. The label 
for benomyl was originally issued over 20 years ago when many of the crucifer seed lots became 
contaminated with Phoma lingam, the causal agent of black leg. Since the seed has been free 
of this pathogen for many years, the loss from eliminating this seed treatment would probably 
be minimal. 


Maneb was the principal fungicide used on collards prior to the deletion of this use pattern 
from the label, with almost 72% of the acres treated. The percentage and number of acres 
treated prior to the loss of this fungicide and the estimated current yield reduction from its loss 
are presented in Table C4. In addition to the reported losses, many states indicated that acreage 
decreases have occurred and will continue to occur. The principal reasons given were increased 
production costs from the use of more expensive fungicides, phytotoxicity of copper-containing 
fungicides and generally poorer control of various leaf spotting diseases with presently labeled 
fungicides. Although the loss of yield and acreage has been substantial in many states, maneb 
is perceived to be a liability in some states because of negative public perception and would not 
be used even if this use pattern were reinstated. However, other states feel that reinstating the 
maneb label would be the salvation of the industry in their respective states. The loss of maneb 
has had an estimated 21% impact on yield, with a loss of over 55 million pounds of greens. 
Georgia has recently received a local label for the use of chlorothalonil on collards, mustard 
greens and turnip greens for downy mildew and Alternaria leaf spot control. Because the label 
was received after data for this report were collected, data for chlorothalonil usage in Georgia 
are not included. Thus, Georgia becomes the first state to possess a nonphytotoxic, 
preventative-type, labeled fungicide to assist in managing fungicide resistance. The longer 
residual activity of chlorothalonil will also provide late season control of leaf spot, resulting in 
lower yield losses from these diseases. Further, this use pattern may lessen the economic impact 
of the loss of maneb on leafy green commodities where it is labeled. 


The data for collards seed production are presented in the Appendix, Tables 1 to 4. Fosetyl- 
Al, coppers and sulfur are not utilized in the seed production crop. Local use labels for two 
formulations of iprodione have been secured and this fungicide is used on 100% of the acreage. 
Iprodione is used principally for white mold and Alternaria leaf spot control. A combination 
seed treatment of thiram plus metalaxyl is used on 100% of the seed planted, principally for 
seedling disease control. Collards are planted on the same land no more frequently than once 
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Table C4. Impact of loss of maneb on U.S. collards production. 





a ‘Treated when labeled = |_ . % Yield . | Yield impact 
| _ impact on _ Wb leaf 
planted acres oe 


Alabama - 1,184,400 

Arizona 
California 
Florida 
Georgia 
Maryland 
North Carolina 


New Jerse - 986,400 


Ohio 
Oklahoma 
Pennsylvania 
South Carolina 
Tennessee 
Texas 
Virginia 
300! “10! 


1 Values not included in U.S. totals 
2 Loss of 10% of the seed produced (51,000 lb @ $0.45/Ib) 


every three years in the seed production industry for control of seedling diseases and suppression 
of white mold. 


Loss of iprodione for the seed crop would result in a loss of 30% of the collards seed 
produced (153,000 pounds seed) and no suitable fungicide replacement is available. Loss of the 
metalaxyl and thiram seed treatment would result in a yield reduction of 6% (30,600 pounds 
seed). Captan could substitute for thiram, but there is no alternative fungicide for metalaxyl. 
Loss from the removal of all foliar fungicide labels is identical to that for the loss of iprodione, 
since this is the only foliar fungicide used. And loss of all seed-treatment fungicides would be 
identical to loss of the metalaxyl plus thiram seed treatment. 


The loss of groups of fungicides on the edible crop is presented in Table C5. The loss of all 
foliar fungicides would result in a loss of almost 27% of the crop (over 69 million pounds). The 
loss of all seed-treatment fungicides would have a less profound, but significant, impact (10% 
with a loss of over 25 million pounds) and the impact would vary considerably among the states. 


In general, in states where the crop is planted into cooler soils, the impact of the loss of seed- 
treatment chemicals would be more critical. 


Foliar fungicides - 69,332,403 
- 25,738,700 





Detailed information for individual states is included in the Appendix, Tables 1 to 4. 


DISEASE CONTROL STRATEGIES AND THE 
IMPACT OF THEIR WITHDRAWAL ON KALE 
by 
John K.Springer 


Kale is grown in the United States on about 7,200 acres with an average yield of over 13,200 
pounds of greens/acre (Table K1). Over 95 million pounds of greens are produced in a normal 
year with a value of almost $14 million. 


Table K1. Acres planted, yield and value of U.S. production for kale. 





'| Planted | Yield/acre | Yield/state | Values ($)' | Value © 


Arizona 188 425,871 
ont i te 
Florida 341 581,405 
Georgia 1,409,400 


Maryland 
North Carolina 


1 110,075 
935,000 

New Jersey 952,600 
New York 270,000 
Ohio 943,950 
Oklahoma 112,000 
850,000 

531,300 

| 


2,000 


Pennsylvania 
South Carolina 


Tennessee 


23,000 9,200 276,000 
Virginia 10,000 5,000 | 26.00 1,300,000 
U.S. Totals (of states reporting) | 7,171 | 13,251 95,026 14.70 | 13,960,601 


' Washington state produced seed (1,200 Ib/acre) but no greens on 400 acres 
2 Acres that were planted once/year are counted once. Acres planted 2 times/year were counted as 2 acres, etc. 
3 Value ($) of greens to the producer in terms of receipts for the product. 


Texas 


The most important diseases of kale for which control measures are directed include downy 
mildew (Peronospora parasitica), black rot (Xanthomonas campestris), Alternaria leaf spot 
(Alternaria brassicicola and A. brassicae) and seedling diseases (Pellicularia filamentosa, 
Pythium spp. and Phytophthora spp.). Seed producers in Washington state also experience 
trouble with white mold (Sclerotinia sclerotiorum). Downy mildew, black rot, Alternaria leaf 
spot and seedling diseases are serious problems in both the more humid and less humid regions 


of the country. 


The fungicides used on kale in U.S. production are listed in Table K2 with the acres treated, 
use pattern, and pounds of ai used. Maneb was the most heavily used foliar fungicide with over 
3,900 acres treated and over 20,600 pounds of ai used. It is used principally for downy mildew 
and leaf spot control and is the most economical fungicide to use. Copper was the second most 
commonly used foliar fungicide with 270 acres treated with copper alone and 140 acres treated 
with copper plus sulfur. A total of over 630 pounds of ai copper was applied. The addition of 
sulfur to copper permits lower rates of copper to be used and reduces the phytotoxicity that 
copper can produce. The combination also provides somewhat better leaf spot control than 
either material used alone. Fosetyl-Al was the third most commonly used foliar fungicide and 
it was used on 360 acres with over 1,320 pounds of ai applied. It is used principally for downy 
mildew control, but has some activity in leaf spot control. Sulfur was applied on only 40 acres 
by itself, with 322 pounds of ai used. It was also applied on 140 acres in combination with 
copper and 876 pounds of ai sulfur was used. Its principal use was for leaf spot control. 
Captan and thiram were used on extensive acreage as a seed treatment, and the pounds of ai used 
were 18.6 and 3.6 pounds, respectively. Captan and thiram seed treatments are used for 
seedling disease control. Benomyl] was used in only one state as a seed treatment on 155 acres, 
with almost 0.2 pounds of ai used. It is used for black leg and seedling disease control on this 
limited acreage. 
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As with all of the leafy greens, kale leaves must be blemish-free to be sold for fresh market 
use. Fields that are too heavily infected are not harvested. Even so, foliar fungicides are not 
used in North Carolina. Instead, farmers discard leaves, plants or whole fields that are infected. 
They deliberately overplant to make up this deficit, and they minimize costs by planting after 
field corn, thereby avoiding additional rent and utilizing the residual field corn fertilizer. All 
of their production is for fresh market, so they can afford hand labor to sort out infected leaves. 
Since the value of the crop for fresh market ranges between 20 and 33 cents a pound and the 
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value for the processing crop ranges between 3 and 5.85 cents a pound, even a low level of 
disease can result in extensive loss to the producer. Georgia, Oklahoma, Tennessee, and Texas 
produce kale principally for the processing market. The other states produce kale principally, 
or exclusively, for the fresh market. 


Nonpesticide control measures for reducing loss from disease include (1) harvesting 
prematurely when the crop is relatively disease-free with a yield reduction of 5 and 10%, but 
which saves one fungicide spray, (2) sorting leaves in order to discard infected leaves that can 
reduce yields from 5 to 25%, and/or (3) raising the cutter-bar height to leave many of the more 
heavily infected lower portions of the leaves in the field with a yield reduction of 10-25%. All 
three of the above practices are suitable for the fresh market crop, while premature harvest and 
raising the cutter bar may be feasible for the processing crop. The low value of the crop for 
processing precludes the practice of sorting for this market. 


Rotation, as practiced on over 96% of the acreage (6,913 acres), is utilized to assist in the 
control of seedling diseases, Alternaria leaf spot and black rot, and is the major nonpesticide 
control practice used on kale (Appendix, Table 8). Rotation reduces disease pressure by 
reducing the inoculum level, which permits other control strategies to be more effective. 
Rotation by most growers consists of planting kale no more frequently than once in any two-year 
period. Seed producers plant kale no more frequently than one year in any three-year period. 


The impact of withdrawing individual pesticides from use is highly variable (Table K3). The 
greatest impact would result from the loss of maneb, with a loss of almost 10 million pounds 
of greens. Maneb is used principally for downy mildew and leaf spot control. The only suitable 
fungicide replacements for downy mildew control are fosetyl-Al and coppers and neither of these 
is as effective for leaf spot control. Fosetyl-Al is too costly to replace a high percentage of the 
acres treated with maneb for the processing crop, but is suitable for the fresh market crop in 
some regions. Coppers are, in general, too phytotoxic to replace maneb; the injury from 
phytotoxicity produces almost as serious a problem as the injury produced by the disease. The 
second most critical fungicide used on kale is thiram seed treatment, with an expected loss of 
almost 620,000 pounds of greens, if it were removed. This loss is restricted to one state, North 
Carolina, where the alternative seed treatment, captan, would replace thiram. The third most 
critical fungicide is the combination of copper plus sulfur with a loss of almost 293,000 pounds 
of greens. The loss would occur in only one state, Ohio, and fosetyl-Al would replace this 
combination. The fourth most critical fungicide is fosetyl-Al with a loss of over 283,100 pounds 
of greens. Maneb would substitute for fosetyl-Al if it were lost in most states, but it would be 
replaced by copper plus sulfur in Ohio where maneb has a negative public perception problem 
and would not be used. The loss of either copper or sulfur individually would result in a loss 
of less than 100,000 pounds of greens for each fungicide, but would result in a loss of almost 
300,000 pounds of greens with the loss of the copper plus sulfur combination. Both would 
probably be replaced by maneb, except in areas where maneb has a perception problem, where 
they would be replaced by fosetyl-Al. Since fosetyl-Al has just recently been labeled, this foliar 
fungicide could become more important in the production of kale, at least for the fresh market. 
There would be no economic loss with the loss of either benomyl or captan seed treatments as 
long as thiram retained its label for seed-treatment purposes. Benomyl is used as a seed 
treatment principally for black leg and seedling disease control. The label for benomyl 
originally was issued over 20 years ago when many of the crucifer seed lots became 
contaminated with Phoma lingam, the causal agent of black leg. Since the seed has been free 
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of this pathogen for many years, the loss from eliminating this seed treatment would probably 
be minimal. 


The data for kale seed production are presented in the Appendix, Tables 5 to 8. Fosetyl-Al, 
coppers and sulfur are not utilized in the seed production crop. Local use labels for two 
formulations of iprodione have been secured and this fungicide is used on 100% of the acreage, 
principally for white mold and Alternaria leaf spot control. No fungicide replacement is 
available for iprodione that is effective for white mold, and a loss of 25% of the seed crop 
(120,000 pounds seed) would result with the withdrawal of this label. Maneb is used on 10% 
of the seed crop acreage, principally for downy mildew and Alternaria leaf spot control. No 
fungicide would be a suitable replacement for maneb, and a loss of 5% on the treated acres 
(2,400 pounds seed) would occur if the maneb label were withdrawn. A combination seed 
treatment of thiram plus metalaxyl is used on 100% of the kale grown for seed for seedling 
disease control. Captan would replace thiram if its label were withdrawn and no loss in yield 
would occur. There is no alternative fungicide for metalaxyl seed treatment and a loss of 5% 
would occur if this label were lost (24,000 pounds seed). Seed producers plant kale fields no 
more frequently than one year in each three-year period on the same land for control of seedling 
diseases and suppression of white mold. 


Table K3. Impact of loss of individual fungicides on U.S. kale production. 








| Acres —s'|- % Yield impact on planted acres | Yield impact _ 
Yield i ited acr aap 


st | currently treated | | whenalternatives areused |  Ibleaf 
captan Ee ea 0-03 ee a | 
- 95,731 
- 292,950 
fosetyl-Al - 283,14 


benomyl 155 


copper - 0.1 
copper + sulfur - 0.3 


- 9,725,163 


sul - 84,420 
tiram - 618,750 
re 


' Used in seed production fields 
2 Loss of 25% of seed crop (120,000 Ib seed @ $0.70/Ib) 


The withdrawal of all foliar fungicides for the seed crop would result in a loss of 25.5% of 
the kale seed produced (122,400 pounds seed). The loss of all seed-treatment fungicides for the 
seed crop would result in a loss of 5% (24,000 pounds seed). 


The loss of groups of fungicides, except for seed producers, is presented in Table K4. The 
withdrawal of all foliar fungicide labels would result in a loss of over 33% of the crop (over 
31.6 million pounds of greens), while the withdrawal of all seed-treatment fungicide labels 
would result in a loss of almost 8% of the crop (almost 7.5 million pounds of greens). 
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Table K4. Impact of loss of fungicide groups on U.S. kale production. 





| % Yield impact | Yield impact 


— | Ib leaf lost _ 


Detailed information for individual states is included in the Appendix, Tables 5 to 8. 
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DISEASE CONTROL STRATEGIES AND THE 
IMPACT OF THEIR WITHDRAWAL ON MUSTARD GREENS 


by 
John K. Springer 


Mustard greens are grown in the United States on about 9,800 acres with an average yield of 
almost 11,800 pounds of greens/acre (Table MG1). Approximately 115 million pounds of 
greens are produced in a normal year with a value of almost $14 million. 


| se7 | 10.500 | seo | 2000 | 1,778,700_ 

i | 200 | 11,00 | 2,200 | 17.00 | 374,000 | 
California | 253 | 20,000 | 5,060 | 30.00 | 1,518,000 | 
Florida | 400 | 18,000 | 7,200 | 15.50 | 1,116,000 _ 
cepa 
Maryland | 200 | 8000 | 1,600 | 39.00 | 24,000 
North Carolina 


New Jersey 


New York 


Ohio 
Oklahoma 
Pennsylvania 
South Carolina 
Tennessee 


Texas 


500 

be i 

| 235 | t6,050_| 3.772 | 30.00 | 1,131,525 
| 350 | 16,000 | 5600 | 7.40 | 414,400 | 
| 100 | 10,000 | 1,000 | 20.00 | 200,000 | 
| 300 | 200 | 2.460 | 32.00 | 787,200_ 
| 1,000 | 7,000 | 7,00 | 6.00 | 420,000 | 
| 300 | 18,000 | soo | 3.00 | 162,000 


847 
200 
293 
400 
200 
500 

75 
230 
350 
100 
300 
300 
300 


Virginia | 300 | 12,000 3,600 | 26.00 936,000 
U.S. Totals (of states reporting) | 9,809 | — 11,753 115,286 12.10 | 13,976,242 


! Washington state produced seed (1,500 Ib/acre) but no greens on 300 acres 
2 Acres that were planted once/year were counted once. Acres planted 2 times/year were counted twice, etc. 
> Value ($) of greens to the producer in terms of receipts for the product. 





The most important diseases of mustard greens for which control measures are directed 
include downy mildew (Peronospora parasitica), black rot (Xanthomonas campestris), seedling 
diseases (Pellicularia filamentosa, Pythium spp. and Phytophthora spp.) and various leaf spotting 
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diseases caused by Alternaria brassicicola, A. brassicae, Cercospora albomaculans, 
Cercosporella brassicae and Colletotrichum higginsianum. Seed producers in Washington state 
also experience trouble with white mold (Sclerotinia sclerotiorum). Downy mildew, black rot, 
Alternaria leaf spot and seedling diseases are serious problems in both the more humid and less 
humid regions of the country. Anthracnose, Cercospora leaf spot and Cercosporella leaf spot 
can occur throughout the country, but they are major causes of loss in warm, humid regions. 
These diseases are the major cause of disease loss in the southeastern region of the country. 


The fungicides used on mustard greens in U.S. production are listed in Table MG2 with the 
acres treated, use pattern, and pounds of ai used. Copper-containing fungicides were the most 
commonly used foliar fungicide with over 4,100 acres treated and over 19,300 pounds of ai 
used. Copper is also used in combination with sulfur and this combination was used on 410 
acres, with 503 pounds of ai copper applied. Copper is used for downy mildew, anthracnose, 
Alternaria leaf spot, Cercospora leaf spot and black rot control. The only alternative for copper 
for downy mildew control is fosetyl-Al, which is considerably more expensive and is even less 
effective for some of the leaf spotting diseases. Sulfur was the second most commonly used 
foliar fungicide with 30 acres treated and 240 pounds of ai applied when used alone. It was also 
applied on 410 acres in combination with copper and 3,149 pounds of ai sulfur was used. About 
one-quarter of the states use sulfur in combination with copper for enhanced leaf spot control. 
There is no suitable replacement for sulfur when used alone. In the states where the copper plus 
sulfur combination was used, most reported that no suitable replacement fungicide is available. 
Ohio reported that 100% of the acreage treated with the combination would be treated with 
fosetyl-Al. Fosetyl-Al was the third most commonly used foliar fungicide with almost 300 acres 
treated and over 900 pounds of ai used. Fosetyl-Al is used principally for downy mildew 
control, but this fungicide also provides good Alternaria leaf spot control. If fosetyl-Al were 
lost, some states report that no suitable replacement is available, and other states would 
substitute with copper or copper plus sulfur. Captan was used on extensive mustard greens 
acreage (7,159 acres) as a seed treatment and 72 pounds of ai were used, while thiram was used 
on almost 1,600 acres as a seed treatment and 16 pounds of ai were used. Both captan and 
thiram seed treatments are used to provide seedling disease control. Each would substitute for 
the other if the labeled use pattern for either one were withdrawn. 


As with all of the leafy greens, the leaves must be blemish-free to be sold for fresh market 
use. Fields too heavily infected with disease are not harvested. Even so, foliar fungicides are 
not used in North Carolina. Instead, farmers discard leaves, plants or whole fields that are 
infected. They deliberately overplant to make up this deficit, and they minimize costs by 
planting after field corn, thereby avoiding additional rent and utilizing the residual field corn 
fertilizer. All of their production is for fresh market, so they can afford hand labor to sort out 
infected leaves. The value of the crop for fresh market in the U.S. ranges between 17 and 39 
cents a pound, and the value for the processing crop ranges between 2.2 and 6 cents a pound. 
Georgia, Oklahoma, Tennessee, and Texas produce mustard greens principally for the processing 
market. The other states produce the crop principally, or exclusively, for the fresh market. 


Nonpesticide means of reducing loss from disease include premature harvest when the crop 
is relatively disease-free, the harvested crop can be sorted and the disease-infected leaves 
discarded, or the cutter bar can be raised to leave many of the more heavily infected lower 
portion of the leaves in the field. Use of any of these options can reduce yield by 5-25%. 
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Rotation, as practiced on over 87% of the acreage, is utilized to assist in the control of 
seedling diseases, the various leaf spotting diseases and black rot. It is the major nonpesticide 
control practice used on mustard greens (Appendix, Table 12). Rotation reduces disease 
pressure by reducing inoculum levels, which permits other control strategies to be more 
effective. The normal length of the rotational scheme practiced is once in any two-year period, 
except for the seed producers who plant once in any three-year period. 


Table MG2. Fungicide use in U.S. mustard greens production. 


copper + sulfur 


fosetyl-Al 


'F = foliar, ST = seed treatment 





The impact of withdrawing individual pesticides from use is highly variable (Table MG3). 
Copper is the most critical fungicide used on mustard greens, with an expected loss of over 15 
million pounds of greens. The main uses for coppers on mustard greens are for downy mildew 
and the various leaf spotting diseases. It can be phytotoxic, however, and it is only moderately 
effective for control of the leaf spotting diseases, particularly in the southeastern region of the 
country. In regions of the country where weather conditions are highly conducive to leaf 
spotting diseases, copper does not provide adequate control. The only alternative to copper is 
fosetyl-Al, which is quite effective in most states. Many states, however, do not feel that 
fosetyl-Al is a cost-effective alternative, particularly for the processing crop. Georgia has 
recently received a local label for the use of chlorothalonil for leaf spot control, but the data are 
not shown in the tables because data were not available at the time of the survey. Control of 
the leaf spotting diseases should be adequate with chlorothalonil, but its use will increase 
production costs. The second most critical foliar fungicide is fosetyl-Al, with a loss of 330,000 
pounds of greens if it were lost. Fosetyl-Al is used principally for downy mildew control and 
its replacement would be copper, a material that possesses the potential for phytotoxicity. The 
third most critical foliar fungicide is the combination of copper plus sulfur, with a loss of almost 
130,000 pounds of greens. The loss of either copper or sulfur would result in the loss of this 
combination. Most states where this combination is used indicate that there is no suitable 
replacement; Ohio growers would substitute fosetyl-Al. The withdrawal of the label for sulfur 
applied alone would result in a loss of about 12,000 pounds of greens. An additional loss of 
128,000 pounds of greens would occur from the loss of the copper plus sulfur combination. 
Sulfur is generally used in combination with copper for downy mildew and leaf spot control. 
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If sulfur were lost, most of the acreage sprayed would receive fosetyl-Al, and the remaining 
acreage would not be sprayed with an alternative fungicide. This would reduce the level of leaf 
spot control in acres treated with alternatives. There would be no yield loss with the loss of 
captan seed treatments as long as thiram retained its label for seed-treatment purposes. 
Removing the thiram seed-treatment label would result in a loss of almost 1.5 million pounds 
of greens. This loss would occur in only one state, North Carolina, where growers would 
switch to a captan seed treatment. 





Table MG3. Impact of loss of individual fungicides on U.S. mustard gre 
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fosetyl-Al 


sulfur -12,300 
thiram - 1,485,000 


The data for mustard greens seed production are presented in the Appendix, Tables 9 to 12. 
Copper, sulfur and fosetyl-Al are not utilized in the seed production crop. Local use labels for 
benomyl, metalaxyl and chlorothalonil have been secured, and these fungicides are used on 
100%, 50% and 100% of the acreage, respectively. The principal use for benomyl is for white 
mold and Alternaria leaf spot control. There is no suitable fungicide replacement for benomyl 
to control white mold, and withdrawal of this label would result in a loss of 30% of the seed 
produced (135,000 pounds seed). The principal use for metalaxyl is for downy mildew control, 
and chlorothalonil would replace metalaxyl if this label were withdrawn, with a loss of 20% of 
the seed crop on the acres treated (45,000 pounds seed). Chlorothalonil is used for downy 
mildew and Alternaria leaf spot control, and metalaxyl would replace chlorothalonil for downy 
mildew control, with a loss of 10% of the seed crop (45,000 pounds seed). Captan is used on 
100% of the acres as a seed treatment for Rhizoctonia and Pythium root rot control. Thiram 
would replace captan if its label were withdrawn and no yield loss would occur. Seed producers 
plant mustard greens fields no more frequently than one year in every five-year period on the 
same land for control of seedling diseases and suppression of white mold. 


Withdrawal of all foliar fungicide labels for the seed crop would result in a loss of 50% 
(225,000 pounds seed) of the crop. Withdrawal of all seed-treatment fungicide labels would 
result in a loss of 5% (22,500 pounds seed). 


Maneb was the principal fungicide used on mustard greens prior to its withdrawal. The 
percentage and number of acres treated prior to the loss of this fungicide and the estimated 
current yield reduction from its loss are presented in Table MG4. In addition to the reported 
yield losses, many states indicated that acreage decreases have occurred and will continue to 
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occur. The principal reasons given were increased production costs from use of more expensive 
fungicides, phytotoxicity of copper-containing fungicides and generally poorer control of various 
leaf spotting diseases with presently labeled fungicides. Maneb’s use was rated as a critical need 
in almost all of the southeastern states. The relative ineffectiveness of coppers for leaf spot 
control and the yield reduction associated with techniques used to sort healthy leaves from 
diseased leaves were cited as reasons for this loss. The local label for use of chlorothalonil in 
Georgia will permit an enhanced level of leaf spot control but will increase fungicide costs. 
However, the net effect will be positive, since yield reductions from leaf spotting diseases can 
exceed 50% in southeastern states. 


Table MG4. Impact of loss of maneb on U.S. mustard greens production. 





| Treated when labeled | % Yield impact | Yield impact 
State ees onplanted | — Ibleaf — 


U.S. Totals (of states reporting) 7,192 


1 Values not included in U.S. totals 
2 Loss of 15% of the seed produced (67,500 Ib @ $0.50/Ib) 


The loss of groups of fungicides for the edible crop is presented in Table MGS. Withdrawal 
of all foliar fungicide labels would result in a loss of over 16% of the crop (almost 19 million 
pounds), while the withdrawal of all seed-treatment fungicide labels would result in a loss of 
over 9% of the crop (almost 11 million pounds). The impact would vary considerably among 
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the states. In general, in states where the crop is planted into cooler soils, the impact of the loss 
of seed-treatment chemicals would be most critical. 


Table MGS5. Impact of loss of fungicide groups on U.S. mustard greens production. 





_ Fungicide group lost _ — 


Foliar fungicides 





Seed treatments 


Detailed information for individual states is included in the Appendix, Tables 9 to 12. 
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DISEASE CONTROL STRATEGIES AND THE 
IMPACT OF THEIR WITHDRAWAL ON TURNIP GREENS 


by 
John K. Springer 


Turnip greens are grown in the United States on about 18,600 acres with an average yield of 
over 12,500 pounds of greens/acre (Table TG1). Approximately 233 million pounds of greens 
are produced in a normal year with a value of almost $21 million. 


Table TG1. Acres planted, yield and value of U.S. production for turnip greens. 


_ : Planted” Yield/acre Yield/state Value ($)° 
ae (100 lb) | per state 

Alabama 
Arizona | 00 | 11250 | is | 17.00 | 191,250 
California | 183 | 20,000 | 3,660 | 25.00 | 915,000 
Florida | 400 | 18.000 | 7200 | 1350 | 972,000, 








100 , 

183 ; 

400 ; 
Georgia 
Maryland 39.00 
North Carolina 
New Jersey 
New York 
Ohic 
Oklahoma | 900 | 16,000 | 14,400 | 4.70 | 676,800 
Pennsylvania 
South Carolina 
Texas 
Virgin 


U.S. Totals (of states reporting) | 18,646 12,511 | 233,283 | 9.00 | 20,908,012 


1 Washington state produced seed (1,500 Ib/acre) but no greens on 2,000 acres 
2 Acres that were planted once/year were counted once. Acres planted 2 times/year were counted as 2 acres, etc. 
> Value ($) of greens to the producer in terms of receipts for the product. 


The most important diseases of turnip greens for which control measures are directed include 
downy mildew (Peronospora parasitica), black rot (Xanthomonas campestris), seedling diseases 
(Pellicularia filamentosa, Pythium spp. and Phytophthora spp.) and various leaf spotting diseases 
caused by Alternaria brassicicola, A. brassicae, Cercospora albomaculans, Cercosporella 
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brassicae and Colletotrichum higginsianum. Seed producers in Washington state also experience 
trouble with white mold (Sclerotinia sclerotiorum). Downy mildew, black rot, Alternaria leaf 
spot and seedling diseases are serious problems in both the more humid and less humid regions 
of the country. Anthracnose, Cercospora leaf spot and Cercosporella leaf spot can occur 
throughout the country but they are major causes of loss in warm, humid regions. These 
diseases are the major cause of disease loss in the southeastern region of the country and, 
without the availability of effective fungicides for leaf spot control, this region could not 
economically produce turnip greens. 


The fungicides used on turnip greens in U.S. production are listed in Table TG2 with the 
acres treated, use pattern, and pounds of ai used. Copper compounds were the most commonly 
used foliar fungicides, with about 10,700 acres treated and over 49,400 pounds of ai used. 
Copper was also used on 670 acres in combination with sulfur and 761 pounds of ai copper were 
applied with this combination. Copper is used principally for downy mildew and leaf spot 
control. It is frequently combined with sulfur to enhance leaf spot control. Benomyl was the 
second most commonly used foliar fungicide, with over 9,300 acres treated and over 4,600 
pounds of ai applied. It is labeled for leaf spot control in the southeastern states only and was 
used in only three states: Alabama, Georgia and Tennessee. Sulfur was the third most 
commonly used foliar fungicide with 93 acres treated and about 800 pounds of ai applied. It 
was also applied to 670 acres in combination with copper and 4,758 pounds of ai sulfur were 
applied. It is used principally in combination with copper to enhance leaf spot control but is also 
used for powdery mildew control on limited acreage. Metalaxyl was used on 234 acres with 234 
pounds of ai applied. It is used as a preplant soil treatment for seedling disease control and for 
early season downy mildew control. Captan was used on extensive turnip greens acreage 
(15,281 acres) as a seed treatment and almost 460 pounds of ai were used, while thiram was 
used on more than 1,700 acres as a seed treatment and over 50 pounds of ai were used. Both 
captan and thiram are used for seedling disease control. 


Table thee eae use in U.S. ORME eres DENIER 


acres | pattern’ | 


76 + 4,758 
perenne 
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As with all of the leafy greens, the leaves must be blemish-free to be sold for fresh market 
use and must be relatively blemish-free to be sold for processing. Crops that are too heavily 
infected for sale are abandoned and not harvested. Even so, foliar fungicides are not used in 
North Carolina. Instead, farmers discard leaves, plants or whole fields that are infected. They 
deliberately overplant to make up this deficit, and they minimize costs by planting after field 
corm, thereby avoiding additional rent and utilizing the residual field corn fertilizer. All of their 
production is for fresh market, so they can afford hand labor to sort out infected leaves. The 
value of the crop for fresh market in the U.S. ranges between 17 and 39 cents a pound, and the 
value for the processing crop ranges between 3 and 6 cents a pound. Georgia, Oklahoma, 
Tennessee, and Texas produce turnip greens principally for the processing market. The other 
states produce the crop principally, or exclusively, for the fresh market. 


Nonpesticide means of reducing loss in fields where disease is present include premature 
harvest when the crop is relatively disease-free, sorting and discarding disease-infected leaves, 
and raising the cutter-bar height to leave many of the more heavily infected lower leaves in the 
field. These practices can reduce yield by 5-25%, depending on disease severity and the 
practice employed. 


Rotation, as practiced on almost 91% of the acreage, is utilized to assist in the control of 
seedling diseases, the various leaf spotting diseases and black rot. It is the major nonpesticide 
control practice used on turnip greens (Appendix, Table 16). Rotation reduces disease pressure 
by reducing inoculum levels, which permits other control strategies to be more effective. 
Growers normally plant turnip greens fields no more frequently than once in each two-year 
period. Seed producers plant fields no more frequently than once in a three-year period. 


The impact of withdrawing individual fungicides from use is highly variable (Table TG3). 
The most critical fungicide is benomyl] with a loss of more than 38 million pounds of greens 
from the loss of this fungicide. Two applications for leaf spot control are adequate when 
benomyl is used, while a minimum of three sprays is needed when alternate fungicides are used 
for control of these diseases. Copper would replace benomyl in the southeastern states if this 
use pattern were lost, but loss from phytotoxicity would increase. Since benomy] is labeled for 
the southeastern states only, its loss would not affect other regions of the country. The second 
most critical fungicide is copper, with a loss of over 36 million pounds of greens when used 
alone, and almost 1.2 million pounds where combined with sulfur. Since relatively few 
fungicides are labeled for use on turnip greens, there is no suitable fungicide replacement for 
copper. Preplant or at-planting metalaxyl treatments would provide early season control of 
downy mildew and the use of sulfur would provide some downy mildew and leaf spot 
suppression. However, neither of these fungicides would provide satisfactory season-long 
control under conditions of severe disease pressure. Benomyl would provide superior leaf spot 
control in states where it can be used legally. The third most commonly used foliar fungicide 
is sulfur, with a loss of 54,000 pounds of greens when used alone, and almost 1.2 million 
pounds where combined with copper. Sulfur is generally combined with copper to provide 
better leaf spot control and to permit the use of lower rates of copper. There is no suitable 
replacement for sulfur where sulfur is used alone. Where sulfur is combined with copper, no 
suitable replacement is available, except in Tennessee where benomy] is a suitable alternative 
fungicide. Metalaxyl is used on limited acreage as a preplant soil treatment for seedling disease 
and early season downy mildew control, and its loss would result in the loss of almost 153,000 
pounds of greens. The relatively high cost of metalaxyl restricts its use to the fresh market 
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crop, since it is generally too expensive for the processing crop. No suitable replacement 
fungicide is available for metalaxyl. There would generally be no economic loss with the loss 
of either captan or thiram seed treatment, as long as one or the other retained its label. Growers 
in North Carolina would switch from thiram seed treatment to captan, with an expected loss of 
2,340,000 pounds of greens with the loss of thiram seed treatment. 


Table TG3. Impact of loss of individual fungicides on U.S. turnip greens production. 





| Acres | % Yield impact on planted acres. 
_ Fungicide lost | currently treated | — when alternatives are used | _hb leaf 

benomy! - 38,102,951 
captan ni. 82.0; na [Bri 00a 

copper - 36,570,050 
- 1,181,250 


copper + sulfur 


metalaxy -152,971 
2 


sulfur - 54,000 
thiram -2,340,000 


Georgia received a local label for the use of chlorothalonil for control of Cercospora and 
Cercosporella leaf spot diseases and for anthracnose control during 1993. The use of 
chlorothalonil will also provide very good downy mildew control. Since acreage and fungicide 
usage in Georgia is quite high, the labeling of chlorothalonil on turnip greens undoubtedly will 
have an influence on fungicide usage and crop loss to the national turnip greens crop in 
subsequent years. 


Maneb was the principal fungicide used on turnip greens prior to its withdrawal. The 
percentage and number of acres treated prior to its withdrawal and the estimated current yield 
reduction from its loss are presented in Table TG4. In addition to the reported yield losses, 
many states indicated that acreage decreases have occurred and will continue to occur. The 
principal reasons given were increased production costs from use of more expensive fungicides, 
phytotoxicity of copper fungicides and generally poorer control of various leaf spotting diseases 
with presently labeled fungicides. Maneb use was rated as a critical need in most of the states 
of the southeast. The relative ineffectiveness of coppers for leaf spot control and the yield 
reduction associated with techniques used to sort healthy leaves from diseased leaves were cited 
as reasons for this loss. The local label for use of chlorothalonil in Georgia will permit an 
enhanced level of leaf spot control and should easily make up for the increase in total fungicide 
cost. 


The data for turnip greens seed production are presented in the Appendix, Table 13 to 16. 
Copper and sulfur are not utilized in the seed production crop. Local use labels for two 
formulations of iprodione, for benomyl and for metalaxyl plus chlorothalonil have been secured 
and these fungicides are each used on 20% of the acreage. The principal use for iprodione and 
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benomy] is for white mold control and the principal use for metalaxyl plus chlorothalonil is for 
downy mildew and Alternaria leaf spot control. A combination seed treatment of thiram plus 
metalaxyl is used on 80% of the seed crop acreage for Rhizoctonia and Pythium root rot control. 
Seed producers plant turnip greens fields no more frequently than once in a three-year period 
for control of seedling diseases and suppression of white mold. 


Table TG4. Impact of loss of maneb on U.S. turnip greens production. 





Treated when labeled | % Yiel | 
2 er es ee “| onplanted’ | _ Yield impact 
| % acres |e | hice 


! Values not included in U.S. totals 
2 Loss of 10% of the seed produced (60,000 Ib @ $0.50/Ib) 


On the seed crop acreage, the loss of metalaxyl seed treatment would result in a yield impact 
of 10%, with a loss of 240,000 pounds of seed. There is no suitable fungicide replacement for 
metalaxyl. The loss of the chlorothalonil plus metalaxyl foliar fungicide would result in a yield 
impact of 20%, with a loss of 120,000 pounds of seed. No suitable fungicide replacement is 
available for this combination. The loss of iprodione or benomyl would each result in a yield 
impact of 5%, with a loss of 30,000 pounds of seed for each fungicide. Iprodione would replace 
benomy] if lost and benomyl and chlorothalonil plus metalaxyl would replace iprodione. The 
loss of thiram seed treatment would result in no economic impact, since captan would serve as 
a suitable replacement. 
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The withdrawal of labels for all foliar fungicides for the seed crop would result in a loss of 
25% (450,000 pounds seed). The withdrawal of all seed-treatment fungicide labels would result 
in a loss of 12% (288,000 pounds seed). 


The loss of groups of fungicides for the edible crop is presented in Table TG5. The 
withdrawal of all foliar fungicide labels would result in a loss of over 46% of the crop (over 107 
million pounds). The withdrawal of all seed-treatment fungicide labels would have a less 
profound, but still significant, impact (22.6 million pounds leaf), and the impact would vary 
considerably among the states. In general, in states where the crop is planted into cooler soils, 
the impact of the loss of seed-treatment chemicals would be more critical. The least significant 
impact would occur with the loss of preplant fungicides, with an impact of less than 0.1% 
(almost 153,000 pounds of greens). 





Table TGS. amped of loss of ee groups on U.S. ure SnesHs prog 







Foliar fungicides - 107,495,225 
Preplant fungicide re rave 
[Seedweatmens | 909 | 9.7 - 22,608,240 


Most states indicated that acreage losses, as well as yield, have suffered since the maneb label 
was withdrawn, principally from the phytotoxicity problem with copper and the relatively poor 
control of leaf spotting diseases with currently labeled fungicides. If all foliar fungicides were 
lost, acreage decreases due to increased disease loss were anticipated in most of the states 
responding. North Carolina growers are unique in that they do not apply foliar fungicides to 
turnip greens. They manage to produce the crop economically by planting extra acres of the 
crop and harvesting those with low enough disease levels to market. Many other states report 
that the crop could not be economically produced without foliar fungicides and the crop would 
no longer be produced commercially, particularly for the processing industry. 






Detailed information for individual states is included in the Appendix, Tables 13 to 16. 
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DISEASE CONTROL STRATEGIES AND THE 
IMPACT OF THEIR WITHDRAWAL ON LETTUCE 
by 
John K. Springer 


Lettuce is grown in the United States on over 270,000 acres with an average yield of over 


31,000 pounds of lettuce/acre (Table L1). Approximately 8.4 billion pounds of lettuce are 
produced in a normal year with a value of over $1 billion. 


Table L1. Acres planted, yield and value of U.S. production for lettuce. 


- _ Planted | Yield/acre | Yield/state Values ($)? | Value’ 
State ——_|_aeres' | (lb greens) | (1,000 Ib) per lb ($1,000) 








pee era eae 


| Acres that were planted once/year were counted once. Acres planted 2 times/year were counted as 2 acres, etc. 
2 Value ($) to the producer in terms of receipts for the product. 


The most important diseases of lettuce for which control measures are directed include downy 
mildew (Bremia lactucae), Septoria leaf spot (Septoria lactucae), Cercospora leaf spot 
(Cercospora longissima), bottom rot (Pellicularia filamentosa), drop (Sclerotinia sclerotiorum), 
gray mold (Botrytis cinerea), bacterial spot (Pseudomonas sp.), and seedling diseases 
(Pellicularia filamentosa, Pythium spp., Sclerotinia spp. and Botrytis spp.). 


The fungicides used on lettuce in U.S. production are listed in Table L2 with the acres 
treated, use pattern, and pounds of ai used. Iprodione was the most commonly used foliar 
fungicide, with over 133,600 acres treated and over 218,500 pounds of ai used. Maneb was the 
second most commonly used foliar fungicide, with over 116,200 acres treated and almost 
500,000 pounds of ai applied. Vinclozolin was the third most commonly used foliar fungicide, 
with about 90,000 acres treated and almost 118,000 pounds of ai applied. Fosetyl-Al was the 
fourth most commonly used foliar fungicide, with almost 58,000 acres treated and over 330,000 
pounds of ai applied. Metalaxyl was used on almost 50,000 acres with over 40,000 pounds of 
ai applied. Copper was the least commonly used foliar fungicide, with over 18,000 acres treated 
and almost 19,000 pounds of ai applied. Thiram was used as a seed treatment for over 17,000 
planted acres and about 9 pounds of ai were used. 
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Table L2. Fungicide use in U.S. lettuce production. 








| Treated | Use | 








Ses 


Past) a 


Rotation, as practiced on over 98% of the acreage, is utilized to assist in the control of 
seedling diseases, drop and bottom rot. It is the major nonpesticide control practice used on 
lettuce (Appendix, Table 20). Rotation reduces disease pressure by reducing inoculum levels, 
which permits other control strategies to be more effective. Most lettuce growers plant lettuce 
no more frequently than once in a two-year period. In New Jersey and New York, lettuce is 
traditionally grown for 2 to 3 years in the same field until drop becomes troublesome. The field 
is then rotated out of lettuce for a year or two to reduce the level of sclerotia in the soil before 
replanting to lettuce. In general, drop is a more troublesome disease in mineral soils and bottom 
rot is more troublesome in muck soils, although either disease can be troublesome on either soil 
type. Since a longer rotational scheme is needed to reduce drop inoculum levels than bottom 
rot inoculum levels, longer rotations may be practiced on mineral soils than on muck soils. The 
relatively high value of muck soils vs. mineral soils may also affect the rotational scheme 
employed. Other nonchemical practices employed to reduce disease levels are deep plowing to 
dilute the sclerotia levels in the soil and the use of resistant varieties for downy mildew control. 
Deep plowing is a practice that many growers employ even though they don’t recognize this 
practice as being a nonchemical control measure. 


The impact of withdrawing individual pesticides from use is somewhat less variable than with 
the other crops included in this report and the economic impact is often greater (Table L3). 
Maneb is the most critical fungicide in lettuce production, with over 540 million pounds of 
lettuce expected to be lost if this fungicide were not available. Maneb is used principally for 
downy mildew and leaf spot control and is the most economical to use. Alternative fungicides 
that would replace maneb include copper, fosetyl-Al and metalaxyl. Copper is generally too 
phytotoxic to use on lettuce, except under very specific weather conditions. Fosetyl-Al and 
metalaxyl would provide good control of downy mildew in regions where metalaxyl resistance 
isolates are absent but are more expensive to use and do not control the leaf spotting diseases 
as well as maneb. The second most critical fungicide is iprodione, with an expected loss of 
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more than 251 million pounds of lettuce if iprodione were unavailable. Iprodione is used for 
drop and bottom rot control, and vinclozolin would only replace some of the acreage treated with 
iprodione because vinclozolin is weak in the control of bottom rot. The third most critical 
fungicide is vinclozolin with an expected loss of more than 93 million pounds of lettuce. 
Iprodione would replace vinclozolin but would need to be applied more frequently due to its 
lower level of drop control. Withdrawal of the fosetyl-Al label would result in a loss of over 
17 million pounds of lettuce. Maneb, metalaxyl or copper would likely replace fosetyl-Al if it 
were lost. The label for fosetyl-Al use on lettuce was received in late 1992. Thus, this 
fungicide could receive more usage as growers become accustomed to its benefits. The 
withdrawal of the metalaxyl soil treatment label would likely result in the loss of over 14 million 
pounds of lettuce, and no effective alternative fungicide is available. However, additional foliar 
fungicide applications may be used to reduce the loss. The loss of copper would not have an 
important economic impact on lettuce production, with a loss of about 70,000 pounds of lettuce 
from bacterial spot, and no suitable replacement is available. The loss of thiram seed treatment 
would result in a loss of 43.4 million pounds of lettuce, since this material is the only available 
seed treatment for lettuce. The combination of metalaxyl plus maneb is labeled for use in only 
one state, Texas. Nationwide, its loss would have minimal impact, with a loss of only 0.9 
million pounds of lettuce. However, the lettuce industry in Texas would be severely impacted 
with a loss of 30% of the lettuce crop in that state. 


Table L3. Impact of loss of individual fungicides on U.S. lettuce production. 


1,000 Ib leaf 
fsetyl Al 
iprodione 
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copper 6 







rene 18.3 -14,069 
thiram 
vinclozoli - 93,669 


The loss of groups of fungicides is presented in Table L4. If label clearance were removed 
for all foliar fungicides, a loss of almost 26% of the crop (over 2.1 billion pounds) would result. 
The loss of all seed-treatment fungicides would have a less profound, but still major, impact 
(over 43 million pounds) and the impact would vary considerably among the states. In general, 
in states where the crop is planted into cooler soils, the impact of the loss of seed-treatment 
chemicals would be felt more critically. The impact of the loss of preplant fungicides would be 
0.2% with a loss of over 14 million pounds of lettuce. 
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. ungicide group lost 


Foliar fungicides - 2,150,369 
Preplant fungicides - 14,069 
“43,417 


Detailed information for individual states is included in the Appendix, Tables 17 to 20. 
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DISEASE CONTROL STRATEGIES AND THE 
IMPACT OF THEIR WITHDRAWAL ON SPINACH 


_ by 
John K. Springer 


Spinach is grown in the United States on almost 40,000 acres with an average yield of over 
12,600 pounds greens/acre (Table S1). This production yields over 504 million pounds of 
greens with a value of over $80 million. 


Table S1. Acres planted, yield and value of U.S. production for spinach. 


State’ —_—|_ acres’ | (Ib greens) | (1,000 Ib) (100 Ib) 

Arizona 
28,664,971 
1,248,000 


Georgi | 0 | 1,750 | 940 | 15.00 | 141,000 
| 2,700 | 
: 15 
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BP Scaoin mae 
New Jersey 2,785,692 
New York 6,562,000 
Ohio | 65 | 11000 | 1s | 55.00 | 393,250 
Oklahoma 2,820,800 
150 600,000 





South Carolina 






| 3 
Tennessee | 2,000 | 8,000 | 16,000 | 6.00 | 960,000 
Teas 16,800,000 








Virginia 1,200 6,000 7,200 26.00 1,872,000 
U.S. Totals (of states reporting) 39,914 12,630 504,126 16.00 


' Washington state produced seed (1,800 Ib/acre) but no greens on 3,500 acres 
2 Acres that were planted once/year were counted once. Acres planted twice/year per year was counted twice, etc. 
3 Value ($) of greens to the producer in terms of receipts for the product. 


80,665,446 







Spinach is attacked by a number of leaf spotting diseases and several soil-borne fungi. Major 
diseases include white rust (Albugo occidentalis), blue mold (Peronospora effusa), Cercospora 
leaf spot (Cercospora beticola), anthracnose (Colletotrichum spinacicola and C. spinaciae), 
Cladosporium leaf spot (Cladosporium macrocarpum), seedling diseases and root rot (various 
fungi), and Fusarium wilt (Fusarium oxysporum f. spinaciae). Root and crown diseases are 
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troublesome in all regions of the country. These diseases are particularly troublesome when 
seeding into soil that is too wet and in fields in which the crop is overwintered. Low levels of 
these diseases result in poor stands and reduced yields, while heavy levels require reseeding of 
the field. Reseeding delays harvest and the crop may be unsalable because of the delayed 
harvest, or it may receive a reduced price. Leaf spot diseases, however, are more variable, 
being more of a problem in some states than others. In areas where foliar diseases are 
troublesome yearly, fungicides are applied to the foliage on nearly 100% of the acreage. In 
North Carolina, no foliar fungicides are used. Instead, farmers discard leaves, plants or whole 
fields that are infected. They deliberately overplant to make up this deficit, and minimize costs 
by planting after field corn, thereby avoiding additional rent and utilizing the residual field corn 
fertilizer. All of their production is for fresh market, so they can afford hand labor to sort out 
infected leaves. However, most states report that spinach could not be commercially produced 
without foliar fungicide sprays. The most prevalent diseases requiring foliar sprays are blue 
mold and white rust. The presence of either of these diseases can render an entire field 
unmarketable under favorable conditions for disease. Produce for the fresh market must be 
blemish-free. Produce that is not blemish-free may be downgraded to the processing market or 
may be unsalable. A crop from a field with a low level of one of the leaf spotting diseases may 
require sorting and discarding of infected leaves, may be downgraded in price for the processor, 
or may be completely abandoned. Crops that require additional man-hours for sorting also will 
experience a lower yield (5 to 10%) and may experience a reduction in quality. Many growers 
do not have the option of selling the crop to a processor and, thus, a crop with even low levels 
of disease may not be marketable. 


The fungicides used on spinach in U.S. production are listed in Table S2 with the acres 
treated, use pattern, and pounds of ai used. Metalaxyl was the most widely used fungicide, with 
more than 34,500 treated acres and over 23,300 pounds of ai applied. The second most widely 
used fungicide was captan. It was used on over 31,000 acres, but because its use was as a seed 
treatment, only about 950 pounds of ai were used. Copper was the third most widely used 
fungicide on over 22,000 acres, but with the highest ai usage of more than 61,000 pounds. 
Other fungicides used were fosetyl-Al (5,424 acres treated and 19,237 pounds ai), thiram (9,750 
acres and 310 pounds ai), and sulfur (856 acres treated and 5,046 pounds of ai when used in 




























Table S2. Fungicide use in U.S. spinach production. 
8 acres | ___ pattern Ib 
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combination with copper). Maneb was the principal fungicide used on spinach prior to its loss; 
it had been used on over 90% of the spinach acreage when labeled (Table $5). 


Rotation, used on over 90% of the U.S. acreage, is the major nonpesticide control practice 
used on spinach (Appendix, Table 24). Rotation frequently results in lower disease pressure and 
seed treatments work more effectively in this situation. In most states, growers plant spinach 
no more frequently than once in a two-year period. Seed producers plant spinach once in a four- 
year period. Another important nonpesticide control practice used in Texas and New York is 
the use of resistant varieties (25.8% of U.S. acreage) for the management of white rust and blue 
mold. Unfortunately, those varieties that are resistant are not suitable for many production areas 
of the country. Where they are suitable, they are often not the dominant variety being grown. 
However, they could be used in some regions if fungicide usage became more restrictive. 
Another practice utilized in Texas is furrow irrigation (18% of U.S. acreage) to manage white 
rust and blue mold. 


The impact of withdrawing individual pesticides from use is variable (Table $3). By far, the 
withdrawal of metalaxyl would result in the gravest consequences. No fungicide can replace the 
preplant use of metalaxyl; foliar application of fosetyl-Al and copper are generally expected to 
result in less effective control. Across the U.S., the impact of metalaxyl withdrawal is expected 
to be about 20% on spinach yield, or a reduction of almost 100 million pounds of greens when 
used alone. Additionally, a loss of almost 1% (over 4 million pounds) of greens would occur 
from the loss of the combination product containing metalaxyl and copper. The loss of copper 
is second in importance on spinach, with an impact of 8.5% on yield or a reduction of more than 
42 million pounds of greens when used alone as a foliar spray. Additional losses of 0.8% (over 
4 million pounds) and 0.07% (over 0.3 million pounds) of greens would occur from the loss of 
the combinations of copper plus metalaxyl and copper plus sulfur, respectively. Fosetyl-Al is 
expected to replace copper in nearly half the situations where it is withdrawn, while no 
replacement is expected for the other half. The third most important fungicide on spinach in 
terms of yield impact if it were to be withdrawn is fosetyl-Al. If it were lost, the impact is 
expected to be more than 6% on yield or over 31 million pounds of spinach lost. The remaining 
fungicides, captan, sulfur, and thiram, are of minor consequence if individually withdrawn. It 
should be pointed out that captan and thiram are viewed as fungicides whose withdrawal 


Table S3. Impact of loss of individual fungicides on U.S. spinach production. 
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4,088,234 
- 344,000 
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individually would have a minor impact only, because they replace one another. If there were 
no seed-treatment fungicides available, a large impact would be expected (Table S4). 


This points out the importance of knowing the impact of pesticide groups (Table S4). For 
instance, if all foliar fungicides were withdrawn, the expected impact is 22% on yield or a 
reduction of over 112 million pounds of spinach. These values are probably underestimates of 
the actual loss, since many states indicated that spinach could not be produced commercially 
without foliar fungicides. If the preplant metalaxyl treatment were removed, a loss of almost 
20% (almost 100 million pounds) of greens would occur. If all seed-treatment fungicides were 
withdrawn, we would expect a 5% impact on yield or a reduction of over 25 million pounds of 
spinach. These numbers point out the importance of these fungicide groups to United States 
spinach production. 

Table S4. Impact of loss of fungicide groups on U.S. spinach production. 









———“( ‘RL Ae CR Vicldimpace 
__ Fungicide group lost _| currently treated | | onplanted acres 


Foliar fungicides - 112,561,315 








Preplant fungicides - 99,737,833 
Seed treatments -25,163,098 


The loss of maneb-containing fungicides has had a profound effect on spinach production, with 
a yield impact of nearly 17% (over 85 million pounds of greens)(Table S5). Some of the 
fungicides that have replaced maneb (fosetyl-Al and metalaxyl) are too expensive to use in many 
areas of production, and fosetyl-Al is labeled for blue mold control only. Metalaxyl has a more 
restrictive preharvest interval (21 days) than did maneb, which restricts its use when late 
infections occur. The long preharvest interval of metalaxyl also restricts its use when the crop 
is growing rapidly, since harvest can occur within 25 days of seeding. Other fungicides that 
have replaced maneb (copper-containing fungicides and sulfur) are often too phytotoxic to use 
and are much less effective against the diseases requiring control. Some states have reported 
a reduction in acreage because of the increased cost of production and the grower’s inability to 
secure sufficient returns to justify these increased costs. 


Of even more concern over the loss of maneb is the inability to manage fungicide resistance 
and the relative ineffectiveness of presently labeled fungicides against the various leaf spotting 
diseases. The two most effective fungicides against blue mold are fosetyl-Al and metalaxyl. 
Both of these materials are highly specific in their spectrum of activity, whereas maneb was 
general. These fungicides have been available for grower use for a short time only, and the 
potential for the development of fungicide-resistant strains is quite high. Thus, the longevity of 
these materials may be greatly reduced when used without a companion protectant fungicide. 
Metalaxyl is currently formulated with basic copper sulfate to delay resistance development, but 
most respondents indicated that copper usage frequently is too phytotoxic. Thus, growers in 
most production areas would more readily adopt a combination of metalaxyl with maneb than 
metalaxyl with copper. In some areas, however, maneb has a perception problem, which would 
preclude its usage. 
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Table S5._ Impact of loss of maneb on U.S. spinach production. 


| Treated when labeled | % Yield impact | Yield impact 
on planted Ib leaf 


- 118,000 

- 424,053 

- 47,774,950 
- 592,800 

- 3,000 

- 282,000 
Maryland - 1,312,200 
North Carolina - 640,000 


New Jerse - 1,889,940 








Alabama 
Arizona 
California 
Delaware 
Florida 


Georgia 


New York - 3,281,000 
Ohio - 57,200 
Oklahoma - 7,380,000 
South Carolina - 75,000 

- 3,600,000 
- 16,800,000 

- 1,368,000 


Tennessee 
Texas 


Virginia 


Washington 


U.S. Totals (of states reporting) 90.25 - 85,598,143 


! Values not included in U.S. totals 
2 Loss of 10% of the seed produced (60,000 Ib @ $0.50/Ib) 


The data for spinach seed production are presented in the Appendix, Tables 21 to 24. Spinach _ 
seed production fields in Washington state are handled differently from fields where the crop is 
grown for human consumption. The combination products metalaxyl plus copper and metalaxyl 
plus chlorothalonil are each used on 700 acres (1,400 total acres or 40% of the acreage) as a 
foliar spray for blue mold and Alternaria leaf spot control. The loss of metalaxyl would result 
in a yield reduction of 20% on the acreage treated with metalaxyl plus chlorothalonil, with a loss 
of 252,000 pounds of seed and a yield reduction of 15% on the acreage treated with metalaxyl 
plus copper, with a loss of 189,000 pounds of seed. No fungicide is a suitable replacement for 
either combination. If the maneb label were reinstated for seed production purposes, 40% of 
the acres treated with the combination products would be treated with maneb. This would 
increase yields by 20% on the 40% of the acres treated with the fungicide combinations. A 
combination seed treatment of captan, benomyl and metalaxyl is used on 100% of the seed used 
for the seed crop. All components of the seed treatment are used for seedling disease and root 
rot control, while the benomyl component also assists in Fusarium wilt control. The loss of 
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captan for seed-treatment purposes would have no effect on yield, since it would be replaced 
with thiram. There are no suitable replacements for benomyl and metalaxyl seed treatment, and 
yield would be reduced by 5% (loss of 315,000 pounds seed) and 7% (loss of 441,000 pounds 
seed), respectively. 


The loss of all foliar fungicides on the seed crop would have a 40% yield impact, with the 
loss of over 1 million pounds of seed, while the loss of all seed-treatment materials would reduce 
stands and have a 12% yield impact, with the loss of 756,000 pounds of seed from seedling 
diseases and Fusarium wilt. Seed producers do not use a preplant metalaxyl soil treatment, but 
substitute with a five-year rotational scheme where the crop is planted only once every 5 years 
on the same land. 


Detailed information for individual states is included in the Appendix, Tables 21 to 24. 


Information on spinach grown for seed in Washington state is included in the Appendix, Tables 
21 to 24. 


35 


POTENTIAL ECONOMIC EFFECTS OF BANNING FUNGICIDES 
USED ON LEAFY GREEN VEGETABLES 
by 
Craig Osteen 


This chapter presents estimates of the economic impacts of losing the use of individual 
fungicides and major groups of fungicides, based on the use of alternatives and associated yield 
losses presented in this assessment (Appendix). It also discusses the implications of the results 
for the regulatory process. The use of pesticides can be "lost" due to such policy decisions as 
cancellation under EPA special review, voluntary cancellation by the registrant, suspension and 
cancellation during reregistration, or to biological factors, such as reduced effectiveness caused 
by pathogen resistance. 


Methods 


Economic effects estimated for lettuce and spinach include impacts on producers and 
consumers of the crops, the net effect, and price changes using demand and supply elasticities. 
The economic effects for collards, kale, mustard greens, and turnip greens were computed by 
partial budgetting, holding prices constant. The reason is that relatively little information about 
such market parameters as price, output, and elasticities of demand and supply is available for 
collards, kale, mustard greens, and turnip greens, whereas demand and supply elasticities have 
been estimated for head lettuce and spinach (Table ECON1). 


oe 


- Demand Supply Elasticity 


Grillion tb) | ($b) | elasticity concn | loan 
NA 
NA NA 


NA 
“0.7 
| 2333 | 0.050 | na | NA 


NA = not available 





The economic effects on collards, kale, mustard greens, and turnip greens were estimated as 
the value of yield loss plus change in production cost resulting from the regulatory action: 


TE = qP-cT 
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where: 


TE = _ total economic effect 

q = _ change in output 

P = output price 

c = change in total production cost per treated acre 
T = _ treated acreage 


The values for crop prices, pesticide prices, treated acreage, and yield losses were obtained from 
the leafy green assessment team. This simple calculation provides an estimate of the total 
economic loss for these crops. It does not show the distributional effects on consumers and 
producers, unless output prices would not change significantly in response to a regulatory action. 
In such case, the loss would be borne entirely by growers using the pesticide. 


A different approach was used to compute economic effects for lettuce and spinach. Price 
effects generate distributional effects on producers and consumers. To compute price and output 
changes, demand and supply functions are assumed to behave as constant elasticity or log-linear 
models (Gardner, 1983, and Lichtenberg and Zilberman, 1986): 


P; = aQ 
P, = be 
where 
P,; =  farm-level price offered per unit of output 
P: price received = marginal cost per unit of output 


quantity demanded or supplied 
inverse of demand elasticity (x <0) 
inverse of supply elasticity (y >0) 


At equilibrium: 
Pp y=) Pi ve= P 
Q. = Wau 


Bor ay DOI= ae 


where: 
P, = equilibrium farm-level price 
Q. = equilibrium output 


Q. and P, were obtained from assessment and USDA National Agricultural Statistics Service 
data; x and y were obtained from other sources. Values were estimated for a and b from the 
system of equations, assuming the values obtained for Q., P.; X, andaye 


aM 


Pesticide bans can modify the supply function, P,, by changing output for a given level of cost 
or changing cost per unit of output for a given level of output. In this analysis, the supply 
function for lettuce or spinach is modified as follows: 


P, bd +d) +f)” Q, 


where: 
d = change in cost per unit of output as a proportion of current price = (cT/Q,)/P, ! 
f = proportional change in yield per planted acre (-1<f< 1)? 


Estimates for d and f were obtained from assessment information. 
The new equilibrium output, Q,, becomes: 


See D La (Ltr 0,, 

and new equilibrium price, P,, becomes: 
Peete (tt:d)gees(1ch i) .Ps 

Total impact is the sum of impact on consumers and producers: 
Tem=s CEs+ PE 

where: 


CE = _ consumer effect 
PE = _ producer effect 


' The proportional per-unit cost change, d, should actually have P, as the denominator rather 
than P,, making d a variable instead of a constant. Including d as a constant is an approximation 
to avoid a difficult calculation of solving P, as a function of P,, while allowing cost changes to 
modify equilibrium price and output. The error in d introduced by the approximation is small 
for small changes in P,. The error in d becomes smaller as supply elasticity increases (y 
becomes smaller). For an infinite supply elasticity (y = 0), the supply function becomes a 
horizontal line, P, = b(1+d), that is shifted by the constant, d, and the error introduced by the 
approximation disappears. 


? Production change was included by solving for Q as a function of P, and multiplying the 
right side of the equation by 1+f (ignoring d in the example): 


Q = (1+ f)(P,/b)” 
Solving for P,, the equation becomes: 


» = DIU +HP = bU +f)” @ 
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The effect on consumers (change in consumer surplus), actually on purchasers of farm-level 
output, is approximated by: 


CE «= (PB; bi P.)(Q, te Q,)/2 


The producer effect (change in producer surplus) is approximated by:° 


PE = A+B 

where: 
A = _ impact on current acreage = P,Q.(1+f) - P.Q, - cT 
B = _ impact due to change in acreage and other input use 


[P, - PL +d)]1Q, - QC +f)1/2 


When price change was computed to be less than 1%, it was assumed to be negligible, and the 
impact was computed in the same way as for collards, kale, mustard greens, and turnip greens: 


TE = qP-cT 


The per-acre impact (gain or loss) on acreage treated with a pesticide or group, due to yield 
loss, cost change, and price increase, is: 


I = (P,-P)Y-P,z-c 
where: 
I, = per-acre financial impact on currently treated acreage 
Y = _ yield per acre before ban 
z = yield loss per treated acre caused by ban 


The per-acre impact on acreage not treated with the pesticide or group, due to higher price and 
no change in yield or cost, is: 


i aoa (P, mt lige 
where: 
I, =  Per-acre financial impact on acreage not treated 


* The linear approximation of producer impact was used because the integration of the 
supply function underestimates cost change when d is included as a constant rather than a 
variable (See footnote 1). However, as the supply elasticity approaches infinity and the supply 
function becomes a horizontal line, P, = b(1+d), the producer impact that includes cost as the 
integration of the supply function approaches PE. 
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Impacts on current crop acreage in each state were computed from the estimated per-acre 
impacts and estimates of treated and untreated acreage: 


Oe x UU 

where: 
S = Financial impact on acreage currently grown in a state 
U = Acreage currently not treated 


The estimates of S do not show the overall impact in each state, because changes in acreage and 
other input use are not estimated for each state. However, these estimates help to indicate where 
production will be discouraged and where it will be encouraged. 


Supply elasticities account for supply adjustments in response to price changes. Supply 
adjustments can occur through domestic producers changing acreage or other input use, or 
through changes in imports. Since imports of lettuce and spinach account for less than 1% of 
U.S. supply of those commodities, supply adjustments are assumed to be primarily the result of 
changes in the use of domestic crop acreage and other inputs. In the case of large price 
increases, imports could increase to bid away market share and moderate price increases and 
consumer losses. Long-run supply elasticities allow for more adjustment than the short-run 
elasticities. Hence, supply elasticity for the long run is larger (y is smaller) than for the short 
run (Table ECON1). 


The short-run results can best be viewed as what would occur if the use of a pesticide were 
terminated abruptly before a growing season began. The long-run results show what would 
occur after several years and growers have adjusted acreage and other input use in response to 
yield, cost, and short-term price changes. The long-run results also show what would occur if 
the use of a pesticide were cancelled while allowing existing stocks to be used or if use were 
phased-out, which gives growers time to adjust without experiencing an abrupt change in cost 
and yields. Since most regulatory decisions allow the use of existing stocks, the long-run results 
for lettuce and spinach are a better indicator of price and welfare effects in most cases than the 
short-run results. So, the long-run impacts will be emphasized in the discussion of lettuce and 
spinach. 


The economic effects should be viewed as rough estimates, because there are many sources 
of uncertainty. The estimates of pesticide use, yield loss, and choices of alternative practices 
are based on expert estimates. Fungicide use estimates for lettuce and spinach in this assessment 
vary from 1992 National Agricultural Statistics Service (NASS) survey estimates for materials 
in some states (USDA, 1993). (NASS does not have estimates for collards, kale, mustard 
greens, and turnip greens.) This is to be expected since fungicide use varies from year to year 
and the expert estimates in this assessment were made before the NASS report was released in 
June 1993. However, NASS inadvertently did not summarize and, thus, underestimated 
fungicide use on California head lettuce. State of California data show lettuce fungicide use to 
be comparable to that estimated in this report. 


Also, the NASS report shows fewer spinach acres treated with metalaxyl than this report 
shows. Part of the difference could be due to the similarity of at-planting treatments of 
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metalaxyl to farmer-applied seed treatments, which NASS does not summarize. State of 
California pesticide data show a level of metalaxyl use on spinach similar to that estimated by 
NAPIAP. In some other states, NASS did not publish estimates for some lettuce or spinach 
fungicides because of insufficient reports. This assessment shows a high percentage of acres 
treated with some fungicides in some of these states, but this does not mean that the NAPIAP 
estimates are inaccurate. Because of the small number of operations reporting to NASS in these 
states, the individual materials could be used on a high percentage of acreage even though NASS 
does not have enough reports to publish estimates. 


The cost and yield changes may be overestimated by an unknown amount, because not all 
adjustments available to producers were necessarily considered. Similarly, many of the 
economic variables are not precise. Pesticide prices are based on information from distributors 
and registrants, which may not be what farmers actually pay. Asa result, cost change estimates 
could vary from actual changes by several dollars per acre. Also, statistical information on the 
prices, acreage, and production of collards, kale, mustard greens, and turnip greens were not 
available from the National Agricultural Statistics Service. Only one year of information was 
available for spinach. So, the experts estimated values for these variables as well. Finally, the 
economic model and estimates of elasticities should not be viewed as precise. There is no 
statistical measure of accuracy or precision for the economic estimates. However, the estimates 
should be reasonably accurate, given the available information. 


Results 


The presentation of economic effects follows. Collards, kale, mustard greens, and turnip 
greens are treated as a group, because the effects were estimated with partial budgetting 
methods. Lettuce and spinach are presented separately, because elasticities were used to 
compute price changes and welfare effects. 


Collards, Kale, Mustard Greens, and Turnip Greens 


These crops are produced for both fresh and processing markets. Since the prices for fresh- 
market production are higher than those for processing, there is wide variation in prices received 
among states, depending upon the proportions of production in each state for each market. 
Georgia is the largest producing state for all four crops. It accounts for 30-40% of the acreage 
and production of collards, kale, and mustard greens, and 45-50% for turnip greens. However, 
much of Georgia’s production is for processing, so that it only accounts for 10-15% of the value 
of production. Oklahoma, Tennessee, and Texas also produce largely for processing markets 
and receive low prices. Many small-acreage states produce primarily for fresh market and 
receive much higher prices. 


Seed treatments are used on 90% or more of the acreage of each crop (Tables ECON2, 
ECON3, ECON4, and ECONS). Captan is the most widely used seed treatment, exceeding 70% 
of the acreage of each crop. Thiram is used in North Carolina, New York, Ohio, Tennessee, 
Texas, and Virginia and on 10-20% of the U.S. acreage of each crop. Benomyl is used in 
combination with thiram as a seed treatment in Ohio on collards and kale. The aggregate impact 
of banning any one of these chemicals is very small (2% of U.S. crop value or less), because 
captan and thiram are good alternatives to each other in many circumstances. The exception is 
in North Carolina where yield losses and financial losses, as a portion of that state’s crop value, 
would exceed 10% if thiram were banned (Tables ECON6, ECON7, ECONS8, and ECONS). 
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However, if all seed treatments were banned, relatively large yield losses to seedling diseases, 
averaging 8-10%, would occur. Economic losses would be on the order of 10% of the U.S. 
value of these crops if all seed treatments were banned. The loss of all seed treatments would 
discourage production in the south and east because of large proportional yield and financial 
losses, while Arizona and California would have relatively low yield and financial losses. Texas 


and Tennessee, which produce primarily for the processing market, also incur low yield and 
financial losses. 


Table ECON2. Collards: impact of bans of selected fungicides. 

— Acres Impact per Treated Acre Total Impact — 
~ Treated ae aS 
2s (%) cost change | - yield change monetary % of monetary % of crop 
ee ($/A) (%IA) ($/A) value/A ($1,000) value 
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Table ECON6. Collards: economic impacts on current planted acreage, by state. 
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Table ECON7. Kale: economic impacts on current planted acreage, by state. 
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Table ECON8. Mustard Greens: economic impacts on current planted acreage, by state. 
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Noth Caroling 7 


* = less than 1% 





Foliar fungicides are used on less acreage than seed treatments, between 50 and 70% of the 
crop acreage. However, use of foliars was not reported on any of the four crops in North 
Carolina, kale in Oklahoma, kale and mustard greens in Pennsylvania, and turnip greens in 
California and Arizona. 


Generally, one active ingredient accounts for most of the use of foliar fungicides on each of 
these crops and would have the largest impact if banned. Copper compounds are used on 48% 
of collard acreage and 46% of mustard green acreage. On kale, maneb is used on 55% of the 
acreage. However, on turnip greens, benomyl is used on 50% of the acreage and copper 
compounds on 61%. 


On collards and mustard greens, the loss of copper fungicides would cause the largest impact: 
6% of the U.S. value of collards and 2% of mustard greens. The loss of maneb would have 
the largest impact on kale, about 5% of the U.S. value. On turnip greens, the loss of benomyl 
would cause financial losses of 9% of U.S. turnip green value, while the loss of copper 
compounds would cause losses of 7%. The loss of all foliar fungicides would cause financial 
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losses of 11% of U.S. crop value for collards, 16% for kale, 5% for mustard greens, and 20% 
for turnip greens. The loss of fosetyl-Al, sulfur, or metalaxyl (a preplant compound used on 
turnip greens) would have a minimal aggregate impact. 


Although some of the foliar fungicides will serve as alternatives to each other on various 
diseases, yield losses will often occur when changing from one to another. In many cases, there 
are no effective alternatives to a specific pesticide for a disease problem. This is a much 
different pattern than occurs with seed treatments, where the alternatives perform comparably 
in most states. Individual foliar materials often fill unique disease control niches. For example, 
the impact of banning all foliar fungicides would be about twice the sum of impacts from 
banning each individually, assuming the others are available. (If each material controls different 
pests so that none are alternatives to each other, the impact of banning the group would equal 
the sum of the individual bans.) For seed treatments, the factor is 5 to 10 times. 


The impacts from losing individual or all foliar materials generally would be larger in the 
southern and eastern states (Tables ECON6, ECON7, ECON8, and ECON39) than in the western 
states. If no foliar fungicides could be used, the largest proportional financial and production 
losses for all four crops would occur in Georgia and Texas, which produce largely for 
processing markets. The loss of copper would cause large impacts in Texas collard, mustard 
green, and turnip green production; in Georgia collard and mustard green production; in New 
York production of all four crops; in Ohio kale and mustard green production; and in South 
Carolina turnip green production. The loss of maneb would cause the largest losses in Georgia 
kale production. The loss of benomyl would cause the largest losses in Georgia and Alabama 
turnip green production. However, the loss of maneb or all foliar fungicides would cause large 
losses for California kale production. 


Lettuce 


Three states account for 96% of U.S. lettuce acreage and 98% of U.S. production: Arizona, 
California, and Florida. California is by far the largest, accounting for 72% of acreage and 
79% of production. Arizona is the second largest with 20% of acreage and 17% of production, 
and Florida accounts for 4% of acreage and 2% of production. Several other states produce for 
seasonal and local markets. 


In contrast to collards, kale, mustard greens, and turnip greens, foliar applications on lettuce 
are more common than seed treatments: 93% of the acres are treated with foliar materials and 
7% with seed treatments (Table ECON10). The primary foliar treatments are copper compounds 
(7% of acres treated), fosetyl-Al (21%), iprodione (50%), maneb (41%), and vinclozolin (33%). 
The primary seed treatment is thiram used on 7% of the acres. In addition, metalaxyl, a 
preplant treatment, is applied to 19% of lettuce acres. 


Although iprodione is more widely used, the loss of maneb would cause the largest economic 
losses to producers and consumers of lettuce -- $90 million or 8% of U.S. lettuce value. The 
loss of iprodione would cause economic losses of $33 million (3% of U.S. lettuce value), while 
the loss of vinclozolin would cause losses of $13 million (1% of U.S. lettuce value). Losing the 
seed treatment, thiram, would cause financial losses of $10 million (less than 1% of U.S. lettuce 
value). The impacts of losing copper compounds, fosetyl-Al, or metalaxyl for use on lettuce 
would be negligible. | In the short run, if use were terminated abruptly before the start of a 
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growing season, the loss of maneb could increase farm-level prices 20%; the loss of iprodione 
could increase them 8%. In the long run, with greater acreage and other input use adjustment, 
the loss of any single fungicide would result in small farm-level price increases of 4% (for 
maneb) or less and output declines of 1% or less. Acreage previously treated with a lost 
material would bear the brunt of the producer loss, while returns on untreated acreage would 
increase slightly. Because of the price increases, consumers would bear part of the financial 
losses. 


The loss of all foliar materials would cause long-run economic losses of about $290 million 
(27% of U.S. lettuce value), which is about twice the sum of banning each material individually. 
With an abrupt termination of the use of all materials, lettuce price could double in the short 
run. In the more likely case where acreage and other input use could adjust more fully, lettuce 
price would increase 15% and output would decline 2%. As a result of the increased cost of 
producing a pound of lettuce, the returns on the 93% of acreage previously treated with foliar 
fungicides would decline by an amount estimated at 16% of crop value. Returns would increase 
on the 7% of acreage not needing treatment with foliar fungicides. Consumers would lose $160 
million, while producers lose $130 million (12% of U.S. crop value). 


Losing the use of some fungicides would affect some states more than others and could 
encourage regional shifts in acreage and production because of differences in pest problems and 
pesticide use patterns (Table ECON11). Losing iprodione, maneb, or all foliars would have the 
largest impacts, primarily on eastern or southeastern production. The loss of iprodione would 
have its greatest negative effect on New York (48% of lettuce value), followed by New Jersey 
(10%) and Florida (3%). The loss of maneb would have its greatest negative impact on Florida 
(61% of lettuce value), followed by New York (14%) and Texas (8%); there would also be a 
small loss in California. The loss of all foliar fungicides would cause losses in all states, but 


Table ECONI1. Lettuce: economic impacts on current planted acreage, by state. 
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the largest losses would occur in Florida (63% of lettuce value), New York (63%), Texas 
(49%), and New Jersey (36%). The loss of the seed treatment, thiram, would also cause losses 
in Florida (15%), New York (11%), and New Jersey (11%). The loss of metalaxyl would cause 
losses in Texas (10% of lettuce value) and New York (5%). In all of these cases, production 
would be encouraged in western states, which would suffer smaller losses or even have gains 
because of price increases, and discouraged in eastern states. Losing the use of copper 
compounds, fosetyl-Al, or vinclozolin would have minor regional effects. 


Spinach 


Spinach is produced for both fresh and processing (canning and freezing) markets. California 
and Texas are the two largest producing states, in terms of acreage, for both markets. These 
two states account for 70% of production for fresh market and 80% for processing use. 
California is the largest producing state for fresh market, with 60-65% of its acreage producing 
for that market. Texas is the largest producing state for processing, with 60-65% of its acreage 
producing for that market; however, many other small acreage states produce for local and 
seasonal markets, and often receive high prices. 


Fungicide use patterns for spinach differ from those for lettuce and for the other four leafy 
greens. As with collards, kale, mustard greens, and turnip greens, spinach seed treatments are 
used more widely and foliar treatments less widely than on lettuce; virtually 100% of spinach 
acres receive seed treatments and 66% receive foliar treatments (Table ECON12). However, 
spinach acres receive a much higher proportion of preplant treatments with metalaxyl than any 
of the other five crops considered in this study: 76%. The primary foliar treatments are copper 
compounds (48% of acres treated) and fosetyl-Al (14% of acres treated). Of the seed 
treatments, captan is used on 80% and thiram on 24% of the acres; seed treatments including 
both materials are used on 4% of the acres. 


The largest impact from the loss of any single chemical would occur with metalaxyl, because 
there is no good chemical alternative for preplant treatments--more than $15 million (19% of 
U.S. spinach value). The impact from losing metalaxyl would approach that from losing all 
foliar materials and would be greater than that from losing all seed treatments. In the short run, 
if use were abruptly terminated before a growing season began, spinach prices could increase 
28%; but, in the long run, greater acreage and other input adjustment would result in price 
increases of 3% and output declines of 2%. In the long-run case, producers would bear most 
of the impact, about $13 million, but consumers would bear some of the impact due to higher 
prices. Producer losses on treated acreage would exceed 20% of per-acre crop value, on 
average. 


The loss of all seed treatments wouid result in financial losses of about $6 million (8% of 
U.S. spinach value), while the loss of either captan or thiram, assuming the other is available, 
would result in financial losses of less than 1% of U.S. spinach value. This result indicates that 
captan and thiram are good alternatives to each other in most states. Without seed treatments, 
spinach prices could increase 6% in the short-run case. Greater adjustment in acreage and other 
input use would result in price increases and output decreases of less than 1% in the long run, 
and spinach producers would bear most of the impacts of losing seed treatments. The loss of 
all foliar fungicides would result in financial losses of about $19 million (24% of U.S. spinach 
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value). Prices could increase 32% in the short run. In the long run, price would increase 4% 
and output would decline 3%. Producers would lose about $17 million and consumers about $3 
million in the long run. Financial losses on treated acreage could be severe, approaching 35% 
of crop value. The financial impact from losing the use of either the copper compounds or 
fosetyl-Al would be about 25% of that from losing all foliar treatments: $4.6 million (5% of 
U.S. spinach value) for fosetyl-Al and $5.1 million (6% of U.S. spinach value) for copper 
compounds. This result indicates that the foliar materials could be used as alternatives to each 
other on some, but not all, acres, and that yield losses would generally occur. In many cases, 
copper compounds and fosetyl-Al would not be effective alternatives to each other. While prices 
could increase 5-10% in the short-run situation, long-run price increases and output declines 
would be 2% or less. Financial losses could be on the order of 30% of crop value on treated 
acreage for fosetyl-Al and 15% for copper compounds. 


In general, the loss of fungicides would discourage spinach production in the southern and 
eastern states and encourage production in the western states (Table ECON13). However, 
California production would bear the brunt of the economic impact if the use of fosetyl-Al were 
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lost (15% of spinach value). With the loss of copper compounds, Georgia (51% of spinach 
value), South Carolina (10%), Texas (23%), and Virginia (20%) would suffer the largest 
proportional economic losses. Because of the large impact on Texas production, losing copper 
compounds would have a greater impact on production for processing than for fresh market. 
If all foliar materials were lost, Arkansas (70% of spinach value), Delaware (53%), Georgia 
(88%), New Jersey (53%), and Ohio (51%) would incur particularly large proportional economic 
losses. ; 


The loss of either captan or thiram as a seed treatment would have little impact on any state, 
except in the case of thiram in North Carolina (financial losses of 11% of spinach value). The 
loss of both materials would cause the worst impacts on southern and eastern production, with 
little impact on western (California and Arizona) production. The adverse impact of losing all 
seed-treatment fungicides would be much worse on fresh market than on processing production, 
because of relatively small impacts in California and Texas. 


The loss of metalaxyl, primarily applied preplant, would hit some southern and eastern states 
such as Arkansas (35% of crop value), Georgia (45%), Ohio (47%), and South Carolina (49%) 
with more severe economic losses than the western states. Even so, California production would 
suffer substantial financial losses (14% of spinach value) without the use of metalaxy]. 


Implications for the Regulatory Process 


Previous NAPIAP assessment studies, including those for corn, soybeans, and cotton, have 
shown that some pesticide regulatory decisions could better be made in the context of a "cluster" 
or "commodity" approach rather than the traditional approach of considering one material at a 
time as risk issues arise (Osteen, 1993 and Osteen and Kuchler, 1987). The "cluster" or 
"commodity" approach considers the risks and benefits of all major alternatives for a pest 
problem before making a final decision. The availability of two or more alternatives of 
comparable effectiveness for a pest problem creates such a case. The "cluster" approach can 
help the Environmental Protection Agency to reduce risk more cost-effectively by avoiding 
decisions that: 1) cause economic losses while increasing environmental or health risks or 2) 
increase the future economic benefits of higher-risk alternatives by removing lower-risk 
alternatives when several effective alternatives are available and economic losses of removing 
one alternative would be low. Such an approach would also identify cases where managing the 
use of a group of alternatives would reduce risk more cost-effectively than banning some of the 
_alternatives. 


This assessment shows that regulatory decisions concerning seed-treatment fungicides for leafy 
green vegetables, with the exception of lettuce, would be well-suited to a "cluster approach." 
Previous assessments have shown this also to be true for such major use crops as corn and 
cotton. The reason is that seed treatments are very valuable in production, but the individual 
fungicides are good alternatives to each other in many situations. Banning one of them would 
significantly increase the value of the remaining materials. 


For foliar fungicides, the need for a “cluster approach" is less compelling than for seed 
treatments, because foliar materials often have unique niches for which good alternatives are not 
available. As a result, one, two, or three materials may have significant benefits that are 


54 


independant of actions to remove alternatives. Examples include copper compounds on collards, 
mustard greens, turnip greens, and spinach; iprodione and vinclozolin on spinach; and maneb 
on kale and lettuce. The preplant material, metalaxyl, also fills a unique, high-value role for 
spinach production. However, a full accounting of the risks and benefits of the alternatives, if 
any are available, is needed to make a wise decision about whether to continue the registration 
of any one of these materials. 


Conclusions 


In general, the economic losses from banning all foliar or all seed-treatment fungicides would 
be much larger than those from banning individual materials. In the case of lettuce, seed- 
treatment fungicides are not widely used, and the impact of banning them would be relatively 
small. Banning all foliar fungicides would cause the biggest impacts on collards, kale, turnip 
greens, lettuce, and spinach, while banning all seed treatments would cause the largest impact 
on turnip greens. However, the impact of banning the use of metalaxyl, the only preplant 
treatment, on spinach would be greater than that from banning seed treatments and slightly less 
than that from banning foliar treatments. 


The impact of banning any single seed-treatment fungicide on any one of the crops would be 
small. The reason is that the individual materials appear to be good alternatives to each other 
in many circumstances. Banning one of them would have little impact, but would significantly 
increase the benefits of the remaining materials. 


Foliar materials used on leafy greens often fill unique niches for which alternatives are much 
less effective or are not available. For example, copper compounds on collards, mustard greens, 
turnip greens, and spinach; fosetyl-Al on spinach; iprodione and vinclozolin on lettuce; and 
maneb on kale and lettuce have substantial benefits for those crops. 


Regulatory actions on leafy green fungicides would generally cause proportionally larger 
economic losses in southern and eastern production than in western production. As a result, 
regulatory actions would tend to discourage production in the east and south more than in the 
west. However, one exception is that the greatest impact from losing fosetyl-Al for spinach 
production would be in California. 


Based on the analyses of lettuce and spinach, price increases caused by pesticide cancellations 
where existing stocks can be used, or by pesticide phaseouts, would generally not be noticeable 
(5% or more) unless all foliar fungicides were banned. A major exception would be metalaxyl 
use on spinach. If collards, kale, mustard greens, and turnip greens have demand and supply 
relationships similar to lettuce and spinach, bans of all foliar or seed-treatment fungicides would 
probably be required to cause noticeable long-run price increases. In cases where prices 
increase, consumers and some growers, specifically users of the pesticide, would bear a major 
portion of the impact. Growers who do not use the regulated pesticide would gain from price 
increases. In those cases where actions have little impact on price, the impacts will be 
concentrated on growers who use the pesticide in question. 


Suspensions, or abrupt terminations, of the use of some active ingredients could result in large 
short-term price increases until growers adjust acreage and other input use. Examples include 
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maneb or iprodione use on lettuce and copper compounds or fosetyl-Al use on spinach. During 
the period of adjustment, consumers could bear a much larger portion of the cost than after 
cancellations, where existing stocks can be used, or phaseouts. Conceivably, bans of copper 
compounds on collards, mustard greens and turnip greens; maneb on kale; or benomy]l on turnip 
greens could result in noticeable short-term price increases. 


This assessment shows that regulatory decisions concerning seed-treatment fungicides for leafy 
green vegetables, with the exception of lettuce, would be well-suited to a "cluster approach." 
The reason is that seed treatments are very valuable in production, but the individual fungicides 
are good alternatives to each other in many situations. For foliar fungicides, the need for a 
"cluster approach" is less compelling than for seed treatments, because foliar materials often 
have unique niches for which cost-effective alternatives are not available. As a result, the 
individual materials may have substantial benefits that are independent of actions to remove 
alternatives. 
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Pesticide Impact Data 
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